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PROCESS FOR THE PREPARATION OF
COPOLYESTERS BASED ON

2,2,44-TETRAMETHYL-1,3-CYCLOBUTANEDIOL

AND 1 4-CYCLOHEXANEDIMETHANOL

CROSS REFERENCES TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional
Application Ser. No. 60/917,316, filed May 10, 2007. In
addition, this application 1s a continuation 1n part of the fol-
lowing applications: U.S. patent application Ser. No. 11/388,
524, filed Oct. 277, 2006, which 1s a continuation 1n part of
U.S. patent application Ser. No. 11/390,732, filed Mar. 28,
2006, which claims the benefit of U.S. Provisional Applica-
tion Ser. No. 60/731,389, filed Oct. 28, 2005; U.S. patent
application Ser. No. 11/588.,458, filed Oct. 27, 2006, which 1s
a continuation in part of U.S. patent application Ser. No.
11/390,672, filed Mar. 28, 2006, which claims the benefit of
U.S. Provisional Application Ser. No. 60/731,454, filed Oct.
28, 2005; U.S. patent application Ser. No. 11/588,907, filed
Oct. 27, 2006, which 1s a continuation 1n part of U.S. patent
application Ser. No. 11/390,794, filed Mar. 28, 2006, which
claims the benefit of U.S. Provisional Application Ser. No.
60/739,038, filed Nov. 22, 20035; U.S. patent application Ser.
No. 11/588,527, filed Oct. 277, 2006, which 1s a continuation
in part of U.S. patent application Ser. No. 11/391,365, filed
Mar. 28, 2006, which claims the benefit of U.S. Provisional
Application Ser. No. 60/738,869, filed Nov. 22, 2005; U.S.
patent application Ser. No. 11/588,554, filed Oct. 27, 2006,
which 1s a continuation in part of U.S. patent application Ser.
No. 11/391,659, filed Mar. 28, 2006; U.S. patent application
Ser. No. 11/588,906, filed Oct. 27, 2006, which claims the
benefit of U.S. Provisional Application Ser. No. 60/786,572,
filed Mar. 28, 2006; and U.S. patent application Ser. No.
11/588,883, filed Oct. 27, 2006, which claims the benefit of
U.S. Provisional Application Ser. No. 60/786,596, filed Mar.
28, 2006.

FIELD OF THE INVENTION

This mvention pertains to a process for the preparation of
thermoplastic copolyesters. More particularly, this invention
pertains to a copolyester process 1n which a diester composi-
tion, comprising a diester of terephthalic acid, 1s reacted with
a diol composition comprising 2,2.4,4-tetramethyl-1,3-cy-
clobutanediol and 1,4-cyclohexanedimethanol 1n which at
least a portion of the 2,2,4,4-tetramethyl-1,3-cyclobutanediol
1s allowed to react first with the diester composition before the
reaction of all of the 1.,4-cyclohexanedimethanol with the
diester composition 1s completed.

BACKGROUND OF THE INVENTION

Copolyesters containing 1.4-cyclohexanedimethanol (ab-
breviated hereinafter as “CHDM?”) as a diol component are
often produced using a dialkyl esters such as, for example,
dimethyl terephthalate (DMT), dimethyl 1sophthalate, and
1,4-dimethylcyclohexane dicarboxylate, as the source of the
diacid component. In a typical process, for example, a dialkyl
ester 1s reacted with one or more diols 1n a transesterification
reaction to produce an oligomer. The alkyl alcohol by-prod-
uct 1s removed from the reaction medium, usually by distil-
lation, to help to push the reaction equilibrium toward oligo-
mer formation. Typical ester exchange process temperatures
tor these copolyesters range from 180° C. to about 270° C. at
absolute pressures between about 45 to about 350 kPa. The
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transesterification step 1s followed by a polymerization step
where excess diol 1s removed and the oligomer converted

turther 1 a polycondensation reaction to yield a high molecu-
lar weight copolyester. Copolyesters produced from dimethyl
terephthalate (abbreviated herein as “DMT7), 2,2,4,4-tetram-
cthyl-1,3-cyclobutanediol (abbreviated herein as “TMCD”),
and 1.,4-cyclohexanedimethanol (abbreviated herein as
“CHDM”) 1n either a batch or continuous process are known
to be prone to premature formation of poly(1,4-cyclohexy-
lene dimethylene) terephthalate (abbreviated herein as
“PCT”), resulting in precipitation of low molecular weight
PCT species. PCT precipitation can terminate the preparation
of the polyester before the targeted molecular weight or
desired composition 1s obtained. In addition, the PCT can foul
process equipment. PC'T 1s known to have a melt temperature
(Tm) of about 290° C.; process temperatures of 290° C. and
greater, therefore, generally will melt the low molecular
weight PCT precipitant and return 1t to the reaction mixture.
Process temperatures greater than about 270° C., however,
can accelerate the thermal degradation of raw materials and
intermediate species, produce color, and lower the molecular
weight of the polymer. Thermal degradation 1s particularly
troublesome when thermally sensitive diols such as, for
example, TMCD, are present in the copolyester reaction mix-
ture. Therefore, attempting higher process temperatures in
order to avoid premature PCT precipitation 1s undesirable.
These problems have created a need for an alternative copoly-
ester process that avoids PCT precipitation when terephtha-
late esters are used as starting materials in combination with
diol components comprising CHDM and TMCD.

SUMMARY OF THE INVENTION

We have discovered that copolyesters based on dialkyl
esters of terephthalic acid, 1,4-cyclohexanedimethanol,
abbreviated herein as “CHDM™, and 2,2,4.4-tetramethyl-1,3-
cyclobutanediol (abbreviated herein as “TMCD”) may be
produced efficiently by reacting all or a portion of the TMCD
with the diester to form a polyester oligomer and then reacting
that polyester oligomer with all or a portion of the CHDM to
form a modified polyester oligomer that further can be poly-
merized 1into a thermoplastic copolyester. Thus, the present
invention provides process for the preparation of a copolyes-
ter, comprising:

reacting a diester composition comprising at least one

dialkyl terephthalic acid ester with a diol composition,
the diol composition comprising a {irst diol component
comprising  2,2,4,4-tetramethyl-1,3-cyclobutanediol
and a second diol component comprising 1,4-cyclohex-
anedimethanol, the reaction comprising

(1) reacting the first diol component with the diester
composition to form a polyester oligomer;

(11) reacting the second diol component with the polyes-
ter oligomer of step (1) form a modified polyester
oligomer; and

(111) heating the modified polyester oligomer to form a
thermoplastic, random copolyester having an inher-
ent viscosity of about 0.4 dL/g to about 1.0;

wherein the molar ratio of all diols 1n the diol composition

to all diesters 1n the diester composition 1s about 1.2 to

about 1.3.

Our novel process employs, 1n one embodiment, a total
diol:diester molar ratio of about 1.2 to about 1.5. In some
embodiments of the imvention, the copolyesters can have
excellent clarity and may be used in packaging applications,
textiles, sheeting, and film. The first and second diol compo-
nents each may be reacted with the diester composition 1n an
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incremental manner, for example, by adding one or more of
the diol components to the reaction mixture in 2 or more
stages or continuously.

A wider range of molar diol:diester ratios can be used 11 at
least a 50 mole percent conversion of the TMCD to a polyes-
ter oligomer 1s allowed to occur before all of the CHDM 1s
allowed to react. Another aspect of the invention, therefore, 1s
a process for the preparation of a copolyester, comprising:

reacting a diester composition, comprising at least one

dialkyl terephthalic acid ester, with a diol composition,
the diol composition comprising a {irst diol component
comprising  2,2.4.4-tetramethyl-1,3-cyclobutanediol
and a second diol component comprising 1,4-cyclohex-
anedimethanol, the reaction comprising

(1) reacting the first diol component with the diester
component to form a polyester oligomer at a conver-
sion of the 2,2.4.4-tetramethyl-1,3-cyclobutanediol
of at least 50 mole percent, based on the total moles of
the 2,2.4,4-tetramethyl-1,3-cyclobutanediol i the
diol composition;

(11) reacting the second diol component with the polyes-
ter oligomer of step (1) form a modified polyester
oligomer; and

(111) heating the modified polyester oligomer to form a
thermoplastic, random copolyester having an inher-
ent viscosity of about 0.4 dL/g to about 1.0;

wherein the molar ratio of all diols 1n the diol composition

to all diesters 1n the diester composition 1s about 1.1 to

about 1.3.

Although the process of the invention may be used to
prepare any copolyester, 1t 1s particularly useful for copoly-
esters containing the residues of high boiling diols, such as
CHDM and TMCD, that have substantial differences in reac-
tivity with diesters, and where removal of excess diol 1s dif-
ficult because of the high temperatures required to distill the
diol from the reaction mixture. The term “high-boiling diol”,
as used herein, means a diol that exhibits a boiling point above
230° C. at atmospheric pressure (approximately 101 kPa,
absolute). Thus, our process can be used advantageously for
the preparation of a variety of copolyesters containing the
residues of 1,4-cyclohexanedimethanol and 2,2.4,4-tetram-
cthyl-1,3-cyclobutanediol. For example, the copolyester pre-
pared by the process of the invention can comprise about 60 to
100 mole percent, based on the total moles of diacid residues,
of the residues of terephthalic acid, 1sophthalic acid, or com-
binations thereof; and about 10 to about 90 mole percent,
based on the total moles of diol residues, of the residues
1,4-cyclohexanedimethanol, about 10 to about 90 mole per-
cent of the residues of 2,2,4,4-tetramethyl-1,3-cyclobutane-
diol, and O to about 80 mole percent of the residues of neo-
pentyl glycol, diethylene glycol, ethylene glycol, 1,2-
propanediol, 1,3-propanediol, 1.,4-butanediol, 1,5-
pentanediol, 1,6-hexanediol, 1,8-octanediol, 2,2,4-trimethyl-
1,3-pentanediol, 1,3-cyclohexanedimethanol, bisphenol A,
polyalkylene glycol, or combinations thereof. The copolyes-
ters prepared by the process of the istant invention are ther-
moplastic copolyesters having an inherent viscosity (abbre-
viated herein as “IV”) of about 0.4 dL/g to about 1.0 dL/g.
Other examples of an IV ranges that may be exhibited by the
copolyester are 0.55 dL/g to 0.75 dL/g and 0.65 dL/g to 0.75
dL/g.

Yet another embodiment of our invention is a process for
the preparation of a copolyester, comprising:

reacting a diester composition comprising dimethyl

terephthalate with a diol composition comprising a first

diol component comprising 2,2.4,4-tetramethyl-1,3-cy-
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clobutanediol and a second diol component comprising,

1,4-cyclohexanedimethanol, the reaction comprising

(1) reacting the first diol component comprising about
100 mole percent of the 2,2.4,4-tetramethyl-1,3-cy-
clobutanediol, based on the total moles of 2,2.4,4-
tetramethyl-1,3-cyclobutanediol in the diol composi-
tion, and 30 to about 80 mole percent of the 1,4-
cyclohexanedimethanol, based on the total moles of
1,4-cyclohexanedimethanol 1n the diol composition,
with the diester composition to form a polyester oli-
gomer at a conversion of the 2,2,4,4-tetramethyl-1,3-
cyclobutanediol at least 50 mole percent, based on the
total moles of the 2,2,4,4-tetramethyl-1,3-cyclobu-
tanediol 1n the diol composition;

(11) reacting the second diol component comprising
about 20 to about 70 mole percent the 1,4-cyclohex-
anedimethanol, based on the total moles of 1,4-cyclo-
hexanedimethanol 1n the diol composition, with the
polyester oligomer of step (1) form a modified poly-
ester oligomer; and

(111) heating the modified polyester oligomer to form a
thermoplastic, random copolyester having an inher-
ent viscosity of about 0.4 dL/g to about 1.0;

wherein the molar ratio of all diols 1n the diol composition

to all diesters 1n the diester composition 1s about 1.1 to

about 1.3.

The process of our invention may be carried out as a batch,
semicontinuous, or continuous process and may employ 2 or
more reactors. In addition to the diester and diol components,
the process may include thermal stabilizers comprising vari-
ous organophosphate esters and various catalysts, such as, for
example, compounds of tin either alone or in combination
with titanium, gallium, zinc, antimony, cobalt, manganese,
magnesium, germanium, lithium, aluminum, compounds
thereof, or aluminum compounds with lithium hydroxide or
sodium hydroxide.

DETAILED DESCRIPTION

The present invention provides a process for the prepara-
tion of high molecular weight thermoplastic copolyesters
from a diester composition comprising the dialkyl esters of
terephthalic acid and a diol composition comprising 2,2.4.4-
tetramethyl-1,3-cyclobutanediol (“TMCD™) and 1,4-cyclo-
hexanedimethanol (“CHDM”). Our process reduces the
troublesome, 1n situ precipitation of PCT polymers and
avoids the higher processing temperatures that are sometimes
used to prevent the precipitation of PCT by reacting all or a
portion of the TMCD with the diester to form a polyester
oligomer and then reacting that polyester oligomer with all or
a portion of the CHDM to form a modified polyester oligo-
mer. The modified polyester oligomer can be polymerized
turther to form a thermoplastic copolyester. Thus, in a general
embodiment, the present invention provides process for the
preparation of a copolyester, comprising;

reacting a diester composition comprising at least one

dialkyl terephthalic acid ester with a diol composition,

the diol composition comprising a {irst diol component

comprising  2,2.4,4-tetramethyl-1,3-cyclobutanediol

and a second diol component comprising 1,4-cyclohex-

anedimethanol, the reaction comprising

(1) reacting the first diol component with the diester
composition to form a polyester oligomer;

(11) reacting the second diol component with the polyes-
ter oligomer of step (1) to form a modified polyester
oligomer; and
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(111) heating the modified polyester oligomer to form a
thermoplastic, random copolyester having an inher-
ent viscosity of about 0.4 dL/g to about 1.0;
wherein the molar ratio of all diols 1n the diol composition
to all diesters 1n the diester composition 1s about 1.2 to
about 1.3.
Our process 1s useful for the preparation of copolyesters
contaiming a wide range of terephthalic acid, TMCD, and
CHDM content and 1nherent viscosities (abbreviated herein
as “IV”).

Unless otherwise indicated, all numbers expressing quan-
tities of ingredients, properties such as molecular weight,
reaction conditions, and so forth used 1n the specification and
claims are to be understood as being modified 1n all instances
by the term “about.”” Unless indicated to the contrary, the
numerical parameters set forth 1n the following specification
and attached claims are approximations that may vary
depending upon the desired properties sought to be obtained
by the present invention. At the very least, each numerical
parameter should be construed in light of the number of
reported significant digits and by applying ordinary rounding,
techniques. Further, the ranges stated in this disclosure and
the claims are intended to include the entire range specifically
and not just the endpoint(s). For example, a range stated to be
0 to 10 1s mtended to disclose all whole numbers between O
and 10 such as, for example 1, 2, 3, 4, etc., all fractional
numbers between 0 and 10, for example 1.5, 2.3, 4.57,
6.1113, etc., and the endpoints O and 10. Also, a range asso-
ciated with chemical substituent groups such as, for example,
“C, to C; hydrocarbons™, 1s intended to specifically include
and disclose C,; and C. hydrocarbons as well as C,, C;,and C,
hydrocarbons.

Notwithstanding that the numerical ranges and parameters
setting forth the broad scope of the mnvention are approxima-
tions, the numerical values set forth 1n the specific examples
are reported as precisely as possible. Any numerical value,
however, inherently contains certain errors necessarily result-
ing from the standard deviation found 1n 1ts respective testing
measurements.

As used 1n the specification and the appended claims, the
singular forms “a,” “an’ and “the” include their plural refer-
ents unless the context clearly dictates otherwise. For
example, reference a “copolyester,” or a “dicarboxylic acid
ester,” 1s 1tended to include the processing or making of a
plurality of polymers, or dicarboxylic acid esters. For
example, references to a composition containing or including
“an” ingredient or “a”” copolyester 1s intended to include other
ingredients or other copolyesters, respectively, 1n addition to
the one named. The terms “containing” or “including” are
intended to be synonymous with the term “comprising”,
meaning that at least the named compound, element, particle,
or method step, etc., 1s present 1n the composition or article or
method, but does not exclude the presence of other com-
pounds, catalysts, materials, particles, method steps, etc, even
if the other such compounds, maternial, particles, method
steps, etc., have the same function as what 1s named, unless
expressly excluded 1n the claims.

Also, 1t 1s to be understood that the mention of one or more
process steps does not preclude the presence of additional
process steps before or after the combined recited steps or
intervening process steps between those steps expressly 1den-
tified. Moreover, the lettering of process steps or ingredients
1s a convenient means for identifying discrete activities or
ingredients and the recited lettering can be arranged in any
sequence, unless otherwise indicated.

The process of the present invention 1s for the preparation
of thermoplastic copolyesters comprising dicarboxylic acid
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monomer residues, diol monomer residues, and repeating
units. Thus, the term “monomer residue”, as used herein,
means a residue of a dicarboxylic acid, a diol, or a hydroxy-
carboxylic acid. A “repeating unit”, as used herein, means an
organic structure having 2 monomer residues bonded through
a carbonyloxy group. The copolyesters of the present mnven-
tion contain substantially equal molar proportions of acid
residues (100 mole %) and diol residues (100 mole %) which
react 1n substantially equal proportions such that the total
moles of repeating units 1s equal to 100 mole %. The mole
percentages provided in the present disclosure, therefore,
may be based on the total moles of acid residues, the total
moles of diol residues, or the total moles of repeating units.
For example, a copolyester containing 30 mole % of a mono-
mer, which may be a dicarboxylic acid, a diol, or hydroxy-
carboxylic acid, based on the total repeating units, means that
the copolyester contains 30 mole % monomer out of a total of
100 mole % repeating units. Thus, there are 30 moles of
monomer residues among every 100 moles of repeating units.
Similarly, a copolyester containing 30 mole % of a dicarboxy-
lic acid monomer, based on the total acid residues, means the
copolyester contains 30 mole % dicarboxylic acid monomer
out of a total of 100 mole % acid residues. Thus, in this latter
case, there are 30 moles of dicarboxylic acid monomer resi-
dues among every 100 moles of acid residues.

The term “copolyester”, as used herein, 1s mtended to be
synonymous with “polyester” and means a synthetic polymer
prepared by the polycondensation of a diacid component,
comprising one or more difunctional carboxylic acids or
diesters, with a diol component, comprising one or more,
difunctional hydroxyl compounds. The term “copolyester’” 1s
typically used to indicated polyesters prepared from at least 3
different monomer components. For example, a homopoly-
ester 1s generally prepared from a single diacid component
and a single diol component. By contrast, a copolyester, for
example, may be prepared from a 2 or more diacid compo-
nents and a single diol component or, 1n another example,
from a single diacid component and 2 or more diol compo-
nents. Typically the difunctional carboxylic acid 1s a dicar-
boxylic acid or diester and the difunctional hydroxyl com-
pound 1s a dihydric alcohol such as, for example glycols and
diols. Alternatively, the difunctional carboxylic acid may be a
hydroxy carboxylic acid or ester such as, for example, p-hy-
droxybenzoic acid, and the difunctional hydroxyl compound
may be a aromatic nucleus bearing 2 hydroxy substituents
such as, for example, hydroquinone. The term “thermoplastic
copolyester”, as used herein, 1s intended to have 1ts plain
meaning as would be understood by persons having ordinary
skill in the art, that is, a copolyester that softens when exposed
to heat and returns to 1ts original condition when cooled to
room temperature. By the term “substantially linear”, as used
in the specification and the claims, 1t 1s meant that the copoly-
ester contains 2 mole percent or less, based on the total moles
of diol or diacid residues, of the residues of a branching agent.
The term “residue”, as used herein, means any organic struc-
ture incorporated into the polymer through a polycondensa-
tion reaction 1nvolving the corresponding monomer.
Although the dicarboxylic acid residue may be derived from
a dicarboxylic acid monomer or 1ts associated acid halides,
esters, salts, anhydrnides, or mixtures thereotf, the process of
the 1nstant invention pertains to the preparation of copolyes-
ters from dicarboxylic acid diesters instead of the correspond-
ing dicarboxylic acids. In one embodiment of the invention,
for example, the diester component consists essentially of one
or more dicarboxylic acid esters. In another embodiment, the
diester component consists of one or more dicarboxylic acid
diesters. As used herein, the term “dialkyl terephthalic acid
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ester” 1s synonymous with the term “dialkyl ester of tereph-
thalic acid” and 1s understood to mean a diester of terephthalic
acid formed by the esterification of both carboxylic acid
groups ol terephthalic acid with an alkyl alcohol.

The process of the nstant mnvention comprises reacting a
diester composition comprising at least one dialkyl tereph-
thalic acid ester with a diol composition comprising a first
diol component comprising 2,2,4,4-tetramethyl-1,3-cyclobu-
tanediol and a second diol component comprising 1,4-cyclo-
hexanedimethanol. In addition to a diester of terephthalic
acid, the diester component, for example, may comprise one
or more dicarboxylic acid diesters selected from naphthalene-
dicarboxylic acid, 1,4-cyclohexanedicarboxylic acid, 1soph-
thalic acid, and combinations thereof. Any of the various
1somers of naphthalenedicarboxylic acid diesters or mixtures
ol 1somers may be used, but the 1,4-, 1,5-, 2,6-, and 2,7-
1somers are preferred. Also, 1.,4-cyclohexanedicarboxylic
acid diester may be present at the pure cis or trans 1Isomer or
as a mixture of cis and trans 1somers. In addition to the
dicarboxylic acid diesters listed above, the diester component
may further comprise about one or more moditying dicar-
boxylic acid diesters. Examples of modifying dicarboxylic
acid diesters include, but are not limited to, diesters of
fumaric, succinic, adipic, glutaric, azelaic, sebacic, resorcinol
diacetic, diglycolic, 4,4'-oxybis(benzoic), biphenyldicar-
boxylic, 4,4-methylenedibenzoic, trans-4,4'-stilbenedicar-
boxylic, and sulfoisophthalic acids. In one example, the
diester composition may further comprise at least one dialkyl
ester of 1sophthalic acid 1n addition to the diester of tereph-
thalic acid.

The dialkyl ester can comprise the residues of a primary
alcohol having from 1 to 8 carbon atoms. Examples of pri-
mary alcohols include, but are not limited to methyl, ethyl,
propyl, 1sopropyl, butyl, isobutyl, pentyl, hexyl, and 2-ethyl-
hexyl alcohol. For example, the diester composition may
comprise about 100 mole percent dimethyl terephthalate,
based on the total moles of diester 1n the diester composition.

The diol composition comprises a first diol component
comprising 2,2.4.4-tetramethyl-1,3-cyclobutanediol and a
second diol component comprising 1,4-cyclohexanedimetha-
nol. The CHDM and TMCD may be used as a pure ci1s or trans
1Isomer or as a mixture of c¢i1s and trans 1somers. In addition to
CHDM and TMCD, the process of the invention may further
comprise reacting one or more diols selected from neopentyl
glycol, diethylene glycol, ethylene glycol, 1,2-propanediol,
1,3-propanediol, 1,4-butanediol, 1,3-pentanediol, 1,6-hex-
anediol, 1,8-octanediol, 2,2,4-trimethyl-1,3-pentanediol, 2,2,
4.4-tetramethyl-1,3-cyclobutanediol, 1,3-cyclohex-
anedimethanol, bisphenol A, polyalkylene glycol, and
combinations thereof with the polyester oligomer or modified
polyester oligomer.

Typically, the copolyester process of the mvention will
comprise a transesterification reaction, which may be carried
out, at least in part, during steps (1) and (11) of the instant
process, and a polymerization reaction, which may be carried
out, at least in part, during step (111) of the 1instant process. The
transesterication and polymerization reactions generally are
carried out at different ranges of temperatures and pressures.
In the transesterification reaction, the diol and diester com-
positions are transesterified to form a low molecular weight
polymer or oligomer and the alcohol corresponding to the
diester as a byproduct. The majority ol the alcohol by-product
1s removed from the reaction zone during the esterification
stage. The term “oligomer”, as used herein, 1s understood to
mean a low molecular weight polymer or prepolymer con-
taining relatively few repeating units. Typically, the oligomer
will have an IV of less than 0.4 dL/g. In the process of the
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invention, the addition of the diol composition to the diester
composition usually 1s completed during the transesterifica-
tion step. Transesterification generally occurs rapidly as the
diol and diester compositions are contacted at elevated tem-
peratures in the reaction zone. Generally, the alcohol by-
product 1s removed from the reaction zone continuously by
distillation as the reaction occurs. The specific transesterifi-
cation conditions may vary with the number and type of
diester and diol components added and the point of reaction at
which each component 1s added. For example, for copolyes-
ters prepared from DMT, DMI, TMCD, and CHDM, the
transesterification can be conducted at temperatures between
180° C. and 270° C. at an absolute pressure of about 45 kPa to
about 550 kPa. The diol composition typically 1s added dur-
ing the transesterification step of the process. The transesteri-
fication step can continue by heating diol and diester compo-
nents aiter all of the diester and diol components are added to
the reaction zone. For example, transesterification stage of the
process can be carried out by heating the diol and diester
components at temperature ol about 210 to about 290° C. at
an absolute pressure of about 45 kPa to about 550 kPa after the
addition of the diester or diol components 1s completed while
removing a alcohol by-product. In another example, the
diester and diol components can be heated at a temperature of
about 210° C. to about 280° C. In yet another example, the
diester and diol components can be heated at a temperature of
about 220 to about 270° C.

Our copolyester process 1s carried out by reacting the
diester composition, comprising at least one dialkyl tereph-
thalic acid ester, with a diol composition comprising a first
diol component comprising 2,2,4,4-tetramethyl-1,3-cyclobu-
tanediol (*“I'MCD”) and a second diol component comprising
1,4-cyclohexanedimethanol diester (“CHDM”). To reduce
the excessive formation and precipitation of PCT polymers
from the reaction of CHDM with terephthalate esters, the
TMCD 1s allowed to react preferentially with the diester
composition, typically under transesterification conditions,
by withholding all or a portion of the total CHDM charge
during the mitial stage of the reaction. Thus, the reaction
comprises: (1) reacting the diester composition with the first
diol component to form a polyester oligomer; (11) reacting the
polyester oligomer with the second diol component to form a
modified polyester oligomer; and (111) heating the modified
polyester oligomer to form a random, thermoplastic copoly-
ester. The reaction with the diester component 1n step (1) may
comprise all or a portion of the diester composition. Typi-
cally, the IV of the copolyester produced by the invention 1s 1n
the range of about 0.4 to about 1.0 dL/g.

As noted above, steps (1) and (11) typically are carried out
under transesterification conditions at a temperature of about
180 to about 270° C. and at an absolute pressure of about 45
kPa to about 550 kPa. Step (111), typically, can be conducted
under polycondensation or polymerization conditions at a
temperature of about 220 to about 290° C. and at an absolute
pressure of about 0.001 kPa to about 55 kPa after the addition
of the first and second diol components 1s completed.

The proportions of TMCD and CHDM within the first and
second diol components can vary considerably provided that
the first diol component comprises TMCD and the second
diol component comprises CHDM. For example, the first diol
component can comprises about 50 to about 100 mole percent
of the 2,2,4,4-tetramethyl-1,3-cyclobutanediol, based on the
total moles of 2,2,4,4-tetramethyl-1,3-cyclobutanediol in the
diol composition, and O to about 80 mole percent of the
1,4-cyclohexanedimethanol, based on the total moles of 1,4-
cyclohexanedimethanol the diol composition. The term *“total
moles™, as used herein with respect to TMCD or CHDM, 1s
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intended mean the total moles of either TMCD or CHDM
added to the copolyester reaction mixture over the course of
the entire copolyester process. For example, if a diol compo-
sition comprising a total of 10 moles of TMCD 1s used to
produce a copolyester and the first diol component comprises
50 mole percent of that TMCD, based on the total moles of
TMCD 1n the diol composition, then the first diol component
comprises 5 moles of TMCD. Other examples of mole per-
centages of TMCD within the first diol component are 55, 60,
65,70,75, 80, 85, 90, and 95 mole percent, based on the total
moles of TMCD in the diol composition. Further examples of
mole percentages of CHDM within the first diol component
are 5,10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65,70, and 75
mole percent, based on the total moles of CHDM 1n the diol
composition. In one embodiment, for example, the first diol
component can comprise about 100 mole percent 2,2.4,4-
tetramethyl-1,3-cyclobutanediol, based on the total moles of
TMCD 1n the diol composition, and about 30 to about 80 mole
percent of 1,4-cyclohexanedimethanol, based on the total
CHDM 1n the diol composition.

The second diol component can comprise about 20 to about
100 mole percent of the 1,4-cyclohexanedimethanol, based
on the total moles of 1,4-cyclohexanedimethanol 1n diol com-
position, and 0 to about 50 mole percent of the 2,2.4,4-tet-
ramethyl-1,3-cyclobutanediol, based on the total moles of
2,2,4. 4-tetramethyl-1,3-cyclobutanediol 1n the diol composi-
tion. Additional examples of mole percentages of CHDM 1n
the second diol component, based on the total moles of
CHDM 1n the diol composition, are 25, 30, 35, 40, 45, 50, 55,
60, 65, 70, 75, 80, 85, 90, and 95 mole percent. Additional
examples of mole percentages of TMCD 1n the second diol
component, based on the total moles of TMCD 1n the diol
composition, are 5, 10, 15, 20, 25, 30, 35, 40, and 45 mole
percent. In an additional example, the second diol component
can comprise about 20 to about 70 mole percent of the 1,4-
cyclohexanedimethanol, based on the total moles of CHDM
in the diol composition.

In one embodiment, the molar ratio of all diols 1n the diol
composition to all diesters 1n the diester composition is about
1.2 to about 1.5. Broader ranges of diol:diester molar ratios
such as, for example, about 1.1 to about 1.5 can be used when
the conversion of the TMCD to polyester oligomer 1n step (1)
of the reaction 1s at least 50 mole percent, based on the total
moles of TMCD 1n the diol composition. For example, 1f a
total of 10 moles of TMCD 1s used 1n the process and 6 moles
of TMCD are converted to polyester oligomer during step (1)
betore the addition of the second diol component, then the
conversion of TMCD to polyester oligomer would be 60 mole
percent. The extent of conversion of TMCD to polyester
oligomer can be determined by methods well-known to per-
sons skilled in the art. For example, the conversion of TMCD
may be determined by measuring the amount of TMCD that
has reacted during step (1) by proton nuclear magnetic reso-
nance using peak integration methods well-known to persons
of ordinary skill in the art. Alternatively, the conversion of
TMCD can be determined by measuring the amount of unre-
acted TMCD by gas chromatography, again using methods
well known 1n the art. Other, non-limiting examples of total
diol:diester molar ratios are about 1.15 to about 1.45, about
1.15 to about 1.40, about 1.15 to about 1.35, about 1.15 to
about 1.3, about 1.15 to about 1.25, about 1.15 to about 1.2,
about 1.2 to about 1.45; about 1.2 to about 1.4, about 1.2 to
about 1.35, about 1.2 to about 1.3, and about 1.2toabout 1.25.
Some additional, specific examples of total diol:diester molar

ratios which may be used 1n the process of the invention are
1.1,1.12,1.13,1.15,1.17,1.20, 1.22, 1.25,1.27, 1.30, 1.32,

1.35,1.37,1.40, 1.43, 1.45, and 1.50.
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The reaction of the diester composition with the first and
second diol composition can be carried out incrementally. For
example, 1n one embodiment of our imventive process, the
process may further comprise adding the first diol component
incrementally to the diester composition 1n step (1), adding the
second diol component incrementally to the polyester oligo-
mer 1n step (1), or a combination thereof. The term “incre-
mentally™, as used herein, 1s mntended to have 1ts plain mean-
ing of contacting the diester composition, the first diol
component, the second diol component, or any combination
thereof, under reaction conditions 1n one or more increments
or portions. For example, the diester composition can be
added incrementally to a reaction zone simultaneously with
the first diol component. In another example, the first diol
component can be added incrementally to a reaction zone
containing the diester composition. The increments do not
have to be equal 1n size. For example, one increment may
contain 90% of the total amount of the first or second diol
component and a second increment may contain the remain-
ing 10%. The increments may be added stepwise 1n discrete
portions, continuously, or in a combination thereof. There-
fore, the term “incrementally”, as used in the description and
claims, 1s intended to include both continuous and stepwise
additions of the first or second diol components. Thus, “incre-
mentally” means that, over the duration of the entire process,
the diol components can be added to the reaction zone con-
tinuously, stepwise 1n 2 or more stages or discrete steps, or in
a combination of continuous and stepwise addition. Hence, 1n
one embodiment of the invention, the addition of the first and
second diol components 1n step (1) and (11) each are carried out
in 2 or more stages. In another embodiment, the addition of
the first and second diol components 1n step (1) and (11) each
are carried out continuously.

For example, the first diol component, containing all or a
portion ol the TMCD and, optionally, a portion of the CHDM,
can be added continuously to a reaction zone containing the
diester component under transesterification conditions, 1.e.,
typically at a temperature of about 180 to about 270° C., to
form a polyester oligomer. The second diol component, con-
taining all or any remaining portion of the CHDM not present
in the first diol component and any remaining portion of
TMCD not present in the first diol component then can be
added either continuously or in one or more discrete steps. In
another example, 1n a reaction ivolving dimethyl terephtha-
late (DMT), dimethyl 1sophthalate acid (DMI), and 1,4-cy-
clohexanedimethanol and 2,2.4,4-tetramethyl-1,3-cyclobu-
tanediol at a total diol:diester molar ratio of 1.20, all of the
DMT, DMI, and TMCD and one-halt of the CHDM 1s
charged imitially to the reactor at a diol:diester molar ratio of
about 1 or less. This mixture can be reacted for a period of
time to form a copolyester reaction mixture containing a
polyester oligomer. The remaining CHDM then can be fed to
the reactor in 2 or more stages such that at the end of the
addition, the molar ratio of the total amount of diol and diester
component added to the reactor 1s about 1.2. In another
embodiment, the process may be carried out 1n a series of
batch or continuous reactors, wherein a portion of one or
more of DMT, DMI, TMCD, and CHDM may be added to the
first reactor and the remaining portion(s) added to a subse-
quent reactor downstream in the process. The diester and diol
components may be added separately or as a slurry mixture,
provided that the slurry components have no deleterious
elfect upon the process or can be removed easily. For
example, the diester component may be added as a mixture in
water; an alcohol such as methanol, propanol, butanol, and
1sopropanol; a hydrocarbon such as toluene and xylene; or 1n
one or more diols.
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As noted above, the reaction pressure during the steps (1)
and (11) may be from about 45 kPa absolute (about 7 psia) to
about 550 kPa absolute (about 80 psia). Actual pressures used
will depend upon the esterification temperature used and the
diol and diester compositions. The time for the esterification
step will depend upon temperature, pressure, the nature and
amount of diol and diester components added to the esterifi-
cation stage and when each component 1s added. For
example, the total residence time for the transesterification
part of the instant process, 1.e., steps (1) and (i11) can vary
between 120 minutes and 600 minutes. Some additional
examples of residence times include but are not limited to
150, 180, 210, 240, 270, 300, 330, 360, 390, 420, 450, 480,
510, 540, and 570 minutes.

The process of the invention may be carried out by con-
tinuous, semi-continuous, and batch modes of operation and
may utilize a reaction zone comprising a variety of reactor
types. Examples of suitable reactor types include, but are not
limited to, stirred tank, continuous stirred tank, slurry, tubu-
lar, wiped-film, falling film, or extrusion reactors. The reac-
tion zone, for example, may comprise 2 or more reactors
which, typically, are arranged 1n a series configuration. In
another example, the reaction zone may comprise 2,3, 4, 3, or
6 reactors 1n series or 1 parallel. The term “continuous”™ as
used herein means a process wherein reactants are introduced
and products withdrawn simultaneously in an uninterrupted
manner. By “continuous™ it 1s meant that the process 1s sub-
stantially or completely continuous in operation and 1s to be
contrasted with a “batch’ process. “Continuous™ 1s not meant
in any way to prohibit normal interruptions 1n the continuity
of the process due to, for example, start-up, reactor mainte-
nance, or scheduled shut down periods. The term *“batch”
process as used herein means a process wherein all or a
portion of the reactants are added to the reactor and then
processed according to a predetermined course of reaction
during which additional reactants may be fed to but no poly-
mer 1s removed from the reactor. The term “semicontinuous™
means a process where some of the reactants are charged at
the beginning of the process and the remaining reactants are
fed continuously as the reaction progresses. Alternatively, a
semicontinuous process may also include a process similar to
a batch process 1n which all or a portion of the reactants are
added at the beginning of the process except that one or more
of the products are removed continuously as the reaction
progresses. Typically, on a commercial scale, the process may
be operated as a continuous process for economic reasons and
to reduce color formation and thermal degradation of the
polymer as the copolyester may deteriorate 1n appearance i
allowed to reside 1n a reactor at an elevated temperature for
too long a duration.

According to the invention, step (11) of the instant process
produces a low molecular weight, modified polyester oligo-
mer that may be reacted further 1n a second, polymerization
stage 1n step (111) usually under vacuum and at higher tem-
peratures to produce a thermoplastic, random copolyester
having the desired degree of polymerization, as determined
by inherent viscosity. For the process of the invention, the
copolyester from the polymerization stage will have an IV of
at least 0.4 dLL/g. The conditions of polymerization stage may
vary with the number and type of acid and diol components
added and the diol-to-diester mole ratio used. For example,
alter the addition of the diol components, step (111) may be
conducted at temperatures at about 220° C. to about 290° C.
at typical reaction pressures of from about 0.001 kPa absolute
to about 55 kPa absolute. Additional temperature ranges for
the polymerization step can be from about 240° C. to about

290° C. and about 250° C. to about 280° C. Stirring or appro-
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priate conditions may be used 1n both the transesterification
and polymerization steps to ensure adequate heat transfer and
surface renewal of the reaction mixture. During the polymer-
1zation stage, additional water from continued esterification
of the oligomer may be removed by distillation along with
small amounts of diol. Typically, the polymerization step 1s
carried out until the polyester has attained an IV of at least 0.4
to about 1.0 dL/g, although higher IV’s of about 1.03, about
1.1, about 1.15, and about 1.2 also may be obtained.

The reactions of both steps may be catalyzed by appropri-
ate catalysts such as, for example, various compounds of
titanium, tin, antimony, germanium, and mixtures thereof.
Examples of typical catalysts include, but are not limited to,
alkoxy titamium compounds, alkali metal hydroxides and
alcoholates, salts of organic carboxylic acids, alkyl tin com-
pounds, metal oxides, and the like. In one aspect, any of the
processes ol the mvention may comprise at least one tin
compound and, optionally, at least one catalyst chosen from
titanium, gallium, zinc, antimony, cobalt, manganese, mag-
nesium, germanium, lithitum, aluminum compounds and an
aluminum compound with lithrum hydroxide or sodium
hydroxide. Typically, the catalyst 1s present 1n the range of 1
to 500 ppm. Examples of catalysts useful in the present inven-
tion 1include, but are not limited to, one of more of the follow-
ing: butyltin tris-2-ethylhexanoate, dibutyltin diacetate, dibu-
tyltin oxide, and dimethyl tin oxide. A phosphorus compound
inhibitor may optionally be used. For example, the catalyst
may comprise at least one tin compound. In another embodi-
ment, any of the processes of making the copolyesters usetul
in the mvention may be prepared using a catalyst comprising
at least one tin compound and at least one titanium com-
pound.

The process of the mnvention, 1n certain cases, may benefit
from the presence of a thermal stabilizer comprising a phos-
phorus compound. For example, the phosphorus compounds
usetul as thermal stabilizers can comprise phosphoric acid,
phosphorous acid, phosphonic acid, phosphinic acid,
phosphonous acid, and various esters and salts thereof. The
esters can be alkyl, branched alkyl, substituted alkyl, difunc-
tional alkyl, alkyl ethers, aryl, and substituted aryl. In one
aspect, for example, the thermal stabilizer can comprise at
least one compound chosen from at least one of substituted or
unsubstituted alkyl phosphate esters, substituted or unsubsti-
tuted aryl phosphate esters, substituted or unsubstituted
mixed alkyl aryl phosphate esters, diphosphites, salts of phos-
phoric acid, phosphine oxides, and mixed alkyl aryl phosphi-
tes, reaction products thereof, and mixtures thereof. The
phosphate esters include esters in which the phosphoric acid
1s Tully esterified or only partially esterified. In yet another
aspect, the thermal stabilizer may comprise use of triphenyl
phosphate and/or Merpol A. In yet another aspect, the thermal
stabilizer of the invention may comprise triphenyl phosphate.

The copolyester produced by our process typically can
comprise about 60 to 100 mole percent, based on the total
moles of diacid residues, of the residues of terephthalic acid,
isophthalic acid, or combinations thereof; and about 10 to
about 90 mole percent, based on the total moles of diol resi-
dues, of the residues 1,4-cyclohexanedimethanol and about
10 to about 90 mole percent of the residues of 2,2,4,4-tetram-
cthyl-1,3-cyclobutanediol. The CHDM and TMCD may be
used as a pure cis or trans 1somer or as a mixture of cis and
trans 1somers. In addition to CHDM and TMCD, the copoly-
ester may comprise from about 0 to about 80 mole percent of
the residues of one or more diols selected from neopentyl
glycol, diethylene glycol, ethylene glycol, 1,2-propanediol,
1,3-propanediol, 1,4-butanediol, 1,5-pentanediol, 1,6-hex-
anediol, 1,8-octanediol, 2,2.4-trimethyl-1,3-pentanediol, 2,2,
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4.4-tetramethyl-1,3-cyclobutanediol, 1,3-cyclohex-
anedimethanol, bisphenol A, polyalkylene glycol, and
combinations thereof.

For example, the thermoplastic copolyester can comprise
about 80 to 100 mole percent, based on the total diacid resi-
dues, of the residues of terephthalic acid and about 85 to
greater than 50 mole percent, based on the total diol residues,
of the residues of 1,4-cyclohexanedimethanol and about 15 to
less than 50 mole percent of the residues of 2,2,4,4-tetram-
cthyl-1,3-cyclobutanediol. In another example, the copolyes-
ter may comprise (a) diacid residues comprising about 70 to
about 100 mole percent of the residues of terephthalic acid, O
to 30 mole percent of the residues of at least one aromatic
dicarboxylic acid having up to 20 carbon atoms, and O to
about 10 mole percent of the residues of at least one aliphatic
dicarboxylic acid having up to 16 carbon atoms; and (b) diol
residues comprising about 20 to about 40 mole percent of the
residues of 2,2.4.4-tetramethyl-1,3-cyclobutanediol, and
about 60 to about 80 mole percent of the residues of 1,4-
cyclohexanedimethanol. In another example, the copolyester
may comprise about 95 mole percent of the residues of
terephthalic acid and about 5 mole percent of the residues of
isophthalic acid. In yet another example, the copolyester may
comprise about 100 mole percent of the residues of tereph-
thalic acid. Some additional examples of copolyester compo-
s1tions which may be produced by the process of the invention
are those comprising diacid residues comprising about 70 to
about 100 mole percent of the residues of terephthalic acid, O
to about 30 mole percent of the residues of at least one
aromatic dicarboxylic acid having up to 20 carbon atoms, and
0 to about 10 mole percent of the residues of at least one
aliphatic dicarboxylic acid having up to 16 carbon atoms; and
diol residues comprising (a) about 20 to about 35 mole per-
cent of the residues of 2,2,4,4-tetramethyl-1,3-cyclobutane-
diol, and about 65 to about 80 mole percent of the residues of
1,4-cyclohexanedimethanol; (b) about 30 to about 40 mole
percent of the residues of 2,2,4,4-tetramethyl-1,3-cyclobu-
tanediol, and about 60 to about 70 mole percent of the resi-
dues of 1,4-cyclohexanedimethanol; (¢) about 20 to about 25
mole percent of the residues of 2,2.4.4-tetramethyl-1,3-Cy-
clobutanediol, and about 75 to about 80 mole percent of the
residues of 1,4-cyclohexanedimethanol: (d) about 30 to about
35 mole percent of the residues of 2,2.4,4-tetramethyl-1,3-
cyclobutanediol, and 65 to 70 mole percent of the residues of
1,4-cyclohexanedimethanol.

The copolyesters prepared by the process of this invention
also may contain other conventional additives and ingredients
which do not deleteriously affect their end use. For example,
additives such as fillers, surface friction modifiers, light and
heat stabilizers, extrusion aids, antistatic agents, colorants,
dyes, pigments, fluorescent brighteners, antimicrobials, anti-
counterfeiting markers, hydrophobic and hydrophilic
enhancers, viscosity modifiers, slip agents, tougheners, adhe-
sion promoters, and the like may be used. Colorants, some-
times referred to as toners, may be added to impart a desired
neutral hue and/or brightness to the copolyester. When col-
ored copolyesters are desired, pigments or colorants may be
included in the copolyester reaction mixture during the reac-
tion of the diol and the diester components or they may be
melt blended with the copolyester after completion of the
process. A preferred method of including colorants 1s to use a
colorant having thermally stable organic colored compounds
with reactive groups such that the colorant 1s copolymerized
and incorporated 1nto the copolyester to improve 1ts hue. For
example, colorants such as dyes possessing reactive hydroxyl
and/or carboxyl groups, including, but not limited to, blue and
red substituted anthraquinones, may be copolymerized 1nto
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the polymer chain. When dyes are employed as colorants,
they may be added to the copolyester reaction process after
the direct esterification reaction.

The polyesters and/or the polycarbonates useful 1n the
polyester compositions of the mvention can comprise resi-
dues of at least one branching monomer, also referred to
herein as a branching agent, having 3 or more carboxyl sub-
stituents, hydroxyl substituents, or a combination thereof.
Conventional branching agents include, but are not limited to,
polyfunctional acids, anhydrides, alcohols and mixtures
thereof. Small amounts of a branching agent are useful in
increasing the melt strength and melt viscosity of the poly-
mers.

In one embodiment, branching agents may comprise, for
example, from 0 to 10 mole percent, from 0.01 to 5 mole
percent, from 0.01 to 1 mole percent, from 0.05 to 5 mole
percent, from 0.05 to 1 mole percent, from 0.1 to 0.7 mole
percent, or 0.1 to 0.5 mole percent, based the total mole
percentages of either the diol or diacid residues, respectively,
of one or more residues of a branching monomer.

Examples of branching monomers include, but are not
limited to, multifunctional acids or multifunctional alcohols
such as trimellitic acid, trimellitic anhydride, pyromellitic
dianhydride, trimethylolpropane, glycerol, pentaerythritol,
citric acid, tartaric acid, 3-hydroxyglutaric acid and the like.
In one embodiment, the branching monomer residues can
comprise 0.1 to 0.7 mole percent of one or more residues
chosen from at least one of the following: trimellitic anhy-
dride, pyromellitic dianhydride, glycerol, sorbitol, 1,2,6-hex-
anetriol, pentaerythritol, trimethylolethane, and/or trimesic
acid. The branching monomer may be added to the copoly-
ester reaction mixture or blended with the copolyester 1n the
form of a concentrate as described, for example, 1n U.S. Pat.

Nos. 5,654,347 and 5,696,176.

The copolyesters of the invention can comprise at least one
chain extender. Suitable chain extenders include, but are not
limited to, multifunctional (including, but not limited to,
bitunctional) 1socyanates, multifunctional epoxides, includ-
ing for example, epoxylated novolacs, and phenoxy resins. In
certain embodiments, chain extenders may be added at the
end of the polymerization process or aiter the polymerization
process. If added after the polymerization process, chain
extenders can be incorporated by compounding or by addi-
tion during conversion processes such as mjection molding or
extrusion. The amount of chain extender used can vary
depending on the specific monomer composition used and the
physical properties desired but 1s generally about 0.1 percent
by weight to about 10 percent by weight, such as about 0.1 to
about 5 percent by weight, based on the total weight of the
copolyester.

The process(es) of the mvention may be used to prepare
copolyesters from the reaction of DMT, CHDM, and TMCD.
In one aspect, the process(es) of the invention can be used to

manufacture a copolyester composition comprising:
(I) at least one copolyester which comprises:
(a) a dicarboxylic acid component comprising:
(1) 70 to 100 mole % of terephthalic acid residues;

(11) O to 30 mole % of the residues of at least one aromatic
dicarboxylic acid having up to 20 carbon atoms; and

(111) O to 10 mole % of the residues of at least one
aliphatic dicarboxylic acid having up to 16 carbon
atoms; and
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(b) a diol component comprising:
(1) 2,2.4,4-tetramethyl-1,3-cyclobutanediol residues;
and
(11) cyclohexanedimethanol residues; and
(II) at least one thermal stabilizer chosen from at least one
of alkyl phosphate esters, aryl phosphate esters, mixed
alkyl aryl phosphate esters, reaction products thereof,
and mixtures thereof.
In one aspect, the process(es) of the invention can be used
to manufacture a copolyester composition comprising
(I) at least one copolyester which comprises:
(a) a dicarboxylic acid component comprising:
(1) 70 to 100 mole % of terephthalic acid residues;

(11) 0 to 30 mole % of the residues of at least one
aromatic dicarboxylic acid having up to 20 carbon
atoms; and

(111) O to 10 mole % of the residues of at least one
aliphatic dicarboxylic acid having up to 16 carbon
atoms; and

(b) a diol component comprising;

(1) 1 to 99 mole % o1 2,2,4,4-tetramethyl-1,3-cyclobu-
tanediol residues; and

(11) 1 to 99 mole % of cyclohexanedimethanol resi-
dues; and

(II) at least one thermal stabilizer chosen from at least one
ol alkyl phosphate esters, aryl phosphate esters, mixed
alkyl aryl phosphate esters, reaction products thereof,
and mixtures thereof;

wherein the total mole % of the dicarboxylic acid component
1s 100 mole %, and the total mole % of the diol component 1s
100 mole %; and

wherein the inherent viscosity of the copolyester 1s from 0.4
to 1.0 dLL/g as determined 1n 60/40 (wt/wt) phenol/tetrachlo-
roethane at a concentration of 0.25 g/50 ml at 25° C.; and
wherein the copolyester has a Tg from 85 to 200° C.

In one aspect, the process(es) of the invention can be used

to manufacture a copolyester composition comprising:

(I) at least one copolyester which comprises:

(a) a dicarboxylic acid component comprising;:

(1) 70 to 100 mole % of terephthalic acid residues;

(11) 0 to 30 mole % of the residues of at least one
aromatic dicarboxylic acid having up to 20 carbon
atoms; and

(111) O to 10 mole % of the residues of at least one
aliphatic dicarboxylic acid having up to 16 carbon
atoms; and

(b) a diol component comprising;

(1) 5 to less than 50 mole % of 2,2,4,4-tetramethyl-1,
3-cyclobutanediol residues; and

(11) greater than 30 to 95 mole % of cyclohex-
anedimethanol residues; and

(II) at least one thermal stabilizer chosen from at least one
of alkyl phosphate esters, aryl phosphate esters, mixed
alkyl aryl phosphate esters, reaction products thereof,
and mixtures thereof:;

wherein the total mole % of the dicarboxylic acid component
1s 100 mole %, and the total mole % of the diol component 1s
100 mole %:; and

wherein the inherent viscosity of the copolyester 1s from 0.50
to 1.0 dLL/g as determined 1n 60/40 (wt/wt) phenol/tetrachlo-
roethane at a concentration of 0.25 g/50 ml at 25° C.; and
wherein the copolyester has a Tg from 85 to 120° C.

In one aspect, the process(es) of the invention can be used

to manufacture a copolyester composition comprising:
(I) at least one copolyester which comprises:
(a) a dicarboxylic acid component comprising:
(1) 70 to 100 mole % of terephthalic acid residues;
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(11) 0 to 30 mole % of the residues of at least one aromatic
dicarboxylic acid having up to 20 carbon atoms; and
(111) O to 10 mole % of the residues of at least one
aliphatic dicarboxylic acid having up to 16 carbon
atoms; and
(b) a diol component comprising:
(1) 10 to 30 mole % of 2,2,4,4-tetramethyl-1,3-cyclobu-
tanediol residues; and
(11) 70 to 90 mole % of cyclohexanedimethanol residues;
and
(II) at least one thermal stabilizer chosen from at least one
of alkyl phosphate esters, aryl phosphate esters, mixed
alkyl aryl phosphate esters, reaction products thereof,
and mixtures thereof:;
wherein the total mole % of the dicarboxylic acid component
1s 100 mole %, and the total mole % of the diol component 1s
100 mole %: and
wherein the inherent viscosity of the copolyester 1s from 0.50
to 1.0 dL/g as determined 1n 60/40 (wt/wt) phenol/tetrachlo-
rocthane at a concentration of 0.25 g/50 ml at 25° C.; and
wherein the copolyester has a Tg from 85 to 120° C. In one
embodiment, the Tg of the copolyester 1s from 100 to 120° C.
In one aspect, the process(es) of the mnvention can be used
to manufacture a copolyester composition comprising:
(I) at least one copolyester which comprises:
(a) a dicarboxylic acid component comprising:
(1) 70 to 100 mole % of terephthalic acid residues;
(11) O to 30 mole % of the residues of at least one aromatic
dicarboxylic acid having up to 20 carbon atoms; and
(111) O to 10 mole % of the residues of at least one
aliphatic dicarboxylic acid having up to 16 carbon
atoms; and
(b) a diol component comprising:
(1) 15 to 25 mole % of 2,2.4,4-tetramethyl-1,3-cyclobu-
tanediol residues; and
(11) 75 to 85 mole % of cyclohexanedimethanol residues;
and
(II) at least one thermal stabilizer chosen from at least one
of alkyl phosphate esters, aryl phosphate esters, mixed
alkyl aryl phosphate esters, reaction products thereof,
and mixtures thereof;

wherein the total mole % of the dicarboxylic acid component
1s 100 mole %, and the total mole % of the diol component is
100 mole %; and
wherein the nherent viscosity 1s from 0.50 to 1.0 dL/g as
determined in 60/40 (wt/wt) phenol/tetrachloroethane at a
concentration of 0.25 g/50 ml at 25° C.; and wherein the
copolyester has a Tg from 85 to 120° C. In one embodiment,
the Tg of the copolyester 1s from 100 to 120° C.
In one aspect, the process(es) of the invention can be used
to manufacture a copolyester composition comprising:
(I) at least one copolyester which comprises:
(a) a dicarboxylic acid component comprising:
(1) 70 to 100 mole % of terephthalic acid residues;
(11) 0 to 30 mole % of the residues of at least one
aromatic dicarboxylic acid having up to 20 carbon
atoms; and
(111) O to 10 mole % of the residues of at least one
aliphatic dicarboxylic acid having up to 16 carbon
atoms; and
(b) a diol component comprising:
(1) 15 to 25 mole % of 2,2,4,4-tetramethyl-1,3-cy-
clobutanediol residues; and
(11) 75 to 85 mole % of cyclohexanedimethanol resi-
dues; and
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(II) at least one thermal stabilizer chosen from at least one
ol alkyl phosphate esters, aryl phosphate esters, mixed
alkyl aryl phosphate esters, reaction products thereof,
and mixtures thereof;

wherein the total mole % of the dicarboxylic acid component
1s 100 mole %, and the total mole % of the diol component 1s
100 mole %; and wherein the mnherent viscosity 1s from 0.50
to 0.75 dL/g as determined 1n 60/40 (wt/wt) phenol/tetrachlo-
roethane at a concentration of 0.25 g/50 ml at 25° C.; and
wherein the copolyester has a Tg from 85 to 120° C. In one
embodiment, the Tg of the copolyester 1s from 100 to 120° C.

In one aspect, the process(es) of the invention can be used
to manufacture a copolyester composition comprising:

(I) at least one copolyester which comprises:
(a) a dicarboxylic acid component comprising:
(1) 70 to 100 mole % of terephthalic acid residues;

(11) O to 30 mole % of the residues of at least one aromatic
dicarboxylic acid having up to 20 carbon atoms; and

(111) O to 10 mole % of the residues of at least one
aliphatic dicarboxylic acid having up to 16 carbon
atoms; and

(b) a diol component comprising:
(1) 5 to less than 50 mole % of 2,2,4,4-tetramethyl-1,3-
cyclobutanediol residues; and

(11) greater than 30 to 95 mole % of cyclohex-
anedimethanol residues; and

(II) at least one thermal stabilizer chosen from at least one
of alkyl phosphate esters, aryl phosphate esters, mixed
alkyl aryl phosphate esters, reaction products thereof,
and mixtures thereof:;

wherein the total mole % of the dicarboxylic acid component
1s 100 mole %, and the total mole % of the diol component 1s
100 mole %; and wherein the inherent viscosity of the copoly-
ester 1s from 0.50t0 0.75 dL/g as determined 1n 60/40 (wt/wt)
phenol/tetrachloroethane at a concentration 010.25 g/50 ml at

25° C.; and wherein the copolyester has a Tg from 85 to 120°
C.

In one aspect, the process(es) of the imnvention can be used
to manufacture a copolyester composition comprising:

(I) at least one copolyester which comprises:

(a) a dicarboxylic acid component comprising;
(1) 70 to 100 mole % of terephthalic acid residues;

(11) O to 30 mole % of the residues of at least one aromatic
dicarboxylic acid having up to 20 carbon atoms; and

(111) O to 10 mole % of the residues of at least one
aliphatic dicarboxylic acid having up to 16 carbon

atoms; and
(b) a diol component comprising:
(1) 5 to less than 50 mole % of 2,2.,4.4-tetramethyl-1,3-
cyclobutanediol residues; and

(11) greater than 30 to 95 mole % of cyclohex-
anedimethanol residues; and

(II) at least one thermal stabilizer chosen from at least one
of alkyl phosphate esters, aryl phosphate esters, mixed
alkyl aryl phosphate esters, reaction products thereof,
and mixtures thereof:;

wherein the total mole % of the dicarboxylic acid component
1s 100 mole %, and the total mole % of the diol component 1s
100 mole %; and wherein the inherent viscosity of the copoly-
ester 1s from 0.60 10 0.75 dL/g as determined 1n 60/40 (wt/wt)
phenol/tetrachloroethane at a concentration 01 0.25 g/50 ml at
25° C.; and wherein the copolyester has a Tg from 85 to 120°
C.
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In one aspect, the process(es) of the mnvention can be used
to manufacture a copolyester composition comprising;:
(I) at least one copolyester which comprises:
(a) a dicarboxylic acid component comprising:
(1) 70 to 100 mole % of terephthalic acid residues;
(11) O to 30 mole % of the residues of at least one
aromatic dicarboxylic acid having up to 20 carbon
atoms; and
(111) O to 10 mole % of the residues of at least one
aliphatic dicarboxylic acid having up to 16 carbon
atoms; and
(b) a diol component comprising:
(1) 10 to 30 mole % of 2,2.4,4-tetramethyl-1,3-cy-
clobutanediol residues; and
(11) 70 to 90 mole % of cyclohexanedimethanol resi-
dues; and
(II) at least one thermal stabilizer chosen from at least one
of alkyl phosphate esters, aryl phosphate esters, mixed
alkyl aryl phosphate esters, reaction products thereof,
and mixtures thereot;
wherein the total mole % of the dicarboxylic acid component
1s 100 mole %, and the total mole % of the diol component is
100 mole %; and wherein the inherent viscosity of the copoly-
ester 1s from 0.5 to 0.8 dL/g as determined 1n 60/40 (wt/wt)
phenol/tetrachloroethane at a concentration 01 0.25 g/50ml at
25° C.; and wherein the copolyester has a Tg from 85 to 120°
C. In one embodiment, the Tg of the copolyester 1s from 100
to 120° C.
In one aspect, the process(es) of the mnvention can be used
to manufacture a copolyester composition comprising:
(I) at least one copolyester which comprises:
(a) a dicarboxylic acid component comprising;:
(1) 70 to 100 mole % of terephthalic acid residues;
(11) O to 30 mole % of the residues of at least one
aromatic dicarboxylic acid having up to 20 carbon
atoms; and
(111) O to 10 mole % of the residues of at least one
aliphatic dicarboxylic acid having up to 16 carbon
atoms; and
(b) a diol component comprising;
(1) 10 to 30 mole % of 2,2.4,4-tetramethyl-1,3-cy-
clobutanediol residues; and
(11) 70 to 90 mole % of cyclohexanedimethanol resi-
dues; and
(II) at least one thermal stabilizer chosen from at least one
of alkyl phosphate esters, aryl phosphate esters, mixed
alkyl aryl phosphate esters, reaction products thereof,
and mixtures thereot;
wherein the total mole % of the dicarboxylic acid component
1s 100 mole %, and the total mole % of the diol component is
100 mole %; and wherein the inherent viscosity of the copoly-
ester 1s from 0.50to 0.75 dL/g as determined 1n 60/40 (wt/wt)
phenol/tetrachloroethane at a concentration 01 0.25 g/50ml at
25° C.; and wherein the copolyester has a Tg from 85 to 120°
C. In one embodiment, the Tg of the copolyester 1s from 100
to 120° C.
In one aspect, the process(es) of the mnvention can be used
to manufacture a copolyester composition comprising;:
(I) at least one copolyester which comprises:
(a) a dicarboxylic acid component comprising;:
(1) 70 to 100 mole % of terephthalic acid residues;
(11) O to 30 mole % of the residues of at least one
aromatic dicarboxylic acid having up to 20 carbon
atoms; and
(111) O to 10 mole % of the residues of at least one
aliphatic dicarboxylic acid having up to 16 carbon
atoms; and
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(b) a diol component comprising;
(1) 17 to 28 mole % of 2,2.4,4-tetramethyl-1,3-cy-
clobutanediol residues; and
(11) 72 to 83 mole % of cyclohexanedimethanol resi-
dues; and
(II) at least one thermal stabilizer chosen from at least one
of alkyl phosphate esters, aryl phosphate esters, mixed
alkyl aryl phosphate esters, reaction products thereof,
and mixtures thereof:;
wherein the total mole % of the dicarboxylic acid component
1s 100 mole %, and the total mole % of the diol component 1s
100 mole %; and wherein the inherent viscosity of the copoly-
ester 1s from 0.65 to0 0.75 dL/g as determined 1n 60/40 (wt/wt)
phenol/tetrachloroethane at a concentration 010.25 g/50 ml at
25° C.; and wherein the copolyester has a Tg from 85 to 120°
C. In one embodiment, the Tg of the copolyester 1s from 100
to 120° C.
In one aspect, the process(es) of the invention can be used
to manufacture a copolyester composition comprising:
(I) at least one copolyester which comprises:
(a) a dicarboxylic acid component comprising;:
(1) 70 to 100 mole % of terephthalic acid residues;
(11) O to 30 mole % of the residues of at least one
aromatic dicarboxylic acid having up to 20 carbon
atoms; and
(111) O to 10 mole % of the residues of at least one
aliphatic dicarboxylic acid having up to 16 carbon
atoms; and
(b) a diol component comprising;
(1) 25 to 35 mole % of 2,2,4,4-tetramethyl-1,3-cy-
clobutanediol residues:
(11) 65 to 75 mole % of cyclohexanedimethanol resi-
dues; and
(II) at least one thermal stabilizer chosen from at least one
of alkyl phosphate esters, aryl phosphate esters, mixed
alkyl aryl phosphate esters, reaction products thereof,
and mixtures thereof:;
wherein the total mole % of the dicarboxylic acid component
1s 100 mole %, and the total mole % of the diol component 1s
100 mole %; and wherein the inherent viscosity of the copoly-
ester 1s from 0.40 to 1.0 dL/g as determined 1n 60/40 (wt/wt)
phenol/tetrachloroethane at a concentration 010.25 g/50 ml at
25°C.; and wherein the copolyester has a Tg from 110 to 123°
C.
In one aspect, the process(es) of the invention can be used
to manufacture a copolyester composition comprising:
(I) at least one copolyester which comprises:
(a) a dicarboxylic acid component comprising:
(1) 70 to 100 mole % of terephthalic acid residues;
(11) O to 30 mole % of the residues of at least one aromatic
dicarboxylic acid having up to 20 carbon atoms; and
(111) O to 10 mole % of the residues of at least one
aliphatic dicarboxylic acid having up to 16 carbon
atoms; and
(b) a diol component comprising:
(1) 25 to 35 mole % of 2,2,4,4-tetramethyl-1,3-cyclobu-
tanediol residues;
(11) 65 to 75 mole % of cyclohexanedimethanol residues;
and
(II) at least one thermal stabilizer chosen from at least one
of alkyl phosphate esters, aryl phosphate esters, mixed
alkyl aryl phosphate esters, reaction products thereof,
and mixtures thereof:;
wherein the total mole % of the dicarboxylic acid component
1s 100 mole %, and the total mole % of the diol component 1s
100 mole %; and wherein the inherent viscosity of the copoly-

ester 1s Irom 0.40 to 1.0 dL/g as determined 1n 60/40 (wt/wt)
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phenol/tetrachloroethane at a concentration 010.25 g/50ml at
25° C.; and wherein the copolyester has a Tg from 110 to 120°
C.
In one aspect, the process(es) of the mnvention can be used
to manufacture a copolyester composition comprising:
(I) at least one copolyester which comprises:
(a) a dicarboxylic acid component comprising:
(1) 70 to 100 mole % of terephthalic acid residues;
(11) O to 30 mole % of the residues of at least one aromatic
dicarboxylic acid having up to 20 carbon atoms; and
(111) O to 10 mole % of the residues of at least one
aliphatic dicarboxylic acid having up to 16 carbon
atoms; and
(b) a diol component comprising:
(1) 25 to 35 mole % of 2,2.4,4-tetramethyl-1,3-cyclobu-
tanediol residues;
(11) 65 to 75 mole % of cyclohexanedimethanol residues;
and
(II) at least one thermal stabilizer chosen from at least one
of alkyl phosphate esters, aryl phosphate esters, mixed
alkyl aryl phosphate esters, reaction products thereof,
and mixtures thereof:;
wherein the total mole % of the dicarboxylic acid component
1s 100 mole %, and the total mole % of the diol component is
100 mole %; and wherein the inherent viscosity of the copoly-
ester 1s from 0.6 to 0.72 dL/g as determined 1n 60/40 (wt/wt)
phenol/tetrachloroethane at a concentration 010.25 g/50ml at
25° C.; and wherein the copolyester has a Tg from 110 to 123°
C.
In one aspect, the process(es) of the imnvention can be used
to manufacture a copolyester composition comprising:
(I) at least one copolyester which comprises:
(a) a dicarboxylic acid component comprising;:
(1) 70 to 100 mole % of terephthalic acid residues;
(11) 0 to 30 mole % of the residues of at least one
aromatic dicarboxylic acid having up to 20 carbon
atoms; and
(111) O to 10 mole % of the residues of at least one
aliphatic dicarboxylic acid having up to 16 carbon
atoms; and
(b) a diol component comprising;
(1) 25 to 35 mole % of 2,2.4,4-tetramethyl-1,3-cy-
clobutanediol residues:
(1) 65 to 75 mole % of cyclohexanedimethanol resi-
dues; and
(II) at least one thermal stabilizer chosen from at least one
of alkyl phosphate esters, aryl phosphate esters, mixed
alkyl aryl phosphate esters, reaction products thereof,
and mixtures thereof:;
wherein the total mole % of the dicarboxylic acid component
1s 100 mole %, and the total mole % of the diol component is
100 mole %; and wherein the inherent viscosity of the copoly-
ester 1s from 0.6 to 0.68 dL/g as determined 1n 60/40 (wt/wt)
phenol/tetrachloroethane at a concentration 010.25 g/50ml at
25° C.; and wherein the copolyester has a Tg from 110 to 130°
C.
In one aspect, the process(es) of the mnvention can be used
to manufacture a copolyester composition comprising;:
(I) at least one copolyester which comprises:
(a) a dicarboxylic acid component comprising;:
(1) 70 to 100 mole % of terephthalic acid residues;
(11) O to 30 mole % of the residues of at least one
aromatic dicarboxylic acid having up to 20 carbon
atoms; and
(111) O to 10 mole % of the residues of at least one
aliphatic dicarboxylic acid having up to 16 carbon
atoms; and
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(b) a diol component comprising;
(1) 28 to 38 mole % of 2,2.4,4-tetramethyl-1,3-cy-
clobutanediol residues:
(11) 62 to 72 mole % of cyclohexanedimethanol resi-
dues; and
(II) at least one thermal stabilizer chosen from at least one
of alkyl phosphate esters, aryl phosphate esters, mixed
alkyl aryl phosphate esters, reaction products thereof,
and mixtures thereof:;
wherein the total mole % of the dicarboxylic acid component
1s 100 mole %, and the total mole % of the diol component 1s
100 mole %; and wherein the inherent viscosity of the copoly-
ester 1s from 0.5 to 1.0 dL/g as determined in 60/40 (wt/wt)
phenol/tetrachloroethane at a concentration 010.25 g/50 ml at
25°C.; and wherein the copolyester has a Tg from 110 to 130°
C.
In one aspect, the process(es) of the invention can be used
to manufacture a copolyester composition comprising:
(I) at least one copolyester which comprises:
(a) a dicarboxylic acid component comprising;:
(1) 70 to 100 mole % of terephthalic acid residues;
(11) O to 30 mole % of the residues of at least one
aromatic dicarboxylic acid having up to 20 carbon
atoms; and
(111) O to 10 mole % of the residues of at least one
aliphatic dicarboxylic acid having up to 16 carbon
atoms; and
(b) a diol component comprising;
(1) 28 to 38 mole % of 2,2.4,4-tetramethyl-1,3-cy-
clobutanediol residues:
(11) 62 to 72 mole % of cyclohexanedimethanol resi-
dues; and
(II) at least one thermal stabilizer chosen from at least one
of alkyl phosphate esters, aryl phosphate esters, mixed
alkyl aryl phosphate esters, reaction products thereof,
and mixtures thereof:;
wherein the total mole % of the dicarboxylic acid component
1s 100 mole %, and the total mole % of the diol component 1s
100 mole %; and wherein the inherent viscosity of the copoly-
ester 1s from 0.6 to 0.72 dL/g as determined 1n 60/40 (wt/wt)
phenol/tetrachloroethane at a concentration 010.25 g/50 ml at
25°C.; and wherein the copolyester has a Tg from 110 to 130°
C.
In one aspect, the process(es) of the imnvention can be used
to manufacture a copolyester composition comprising:
(I) at least one copolyester which comprises:
(a) a dicarboxylic acid component comprising;:
(1) 70 to 100 mole % of terephthalic acid residues;
(11) 0 to 30 mole % of the residues of at least one
aromatic dicarboxylic acid having up to 20 carbon
atoms; and
(111) O to 10 mole % of the residues of at least one
aliphatic dicarboxylic acid having up to 16 carbon
atoms; and
(b) a diol component comprising;
(1) 28 to 38 mole % of 2,2.4,4-tetramethyl-1,3-cy-
clobutanediol residues;
(11) 62 to 72 mole % of cyclohexanedimethanol resi-
dues; and
(II) at least one thermal stabilizer chosen from at least one
of alkyl phosphate esters, aryl phosphate esters, mixed

alkyl aryl phosphate esters, reaction products thereof,
and mixtures thereof:;

wherein the total mole % of the dicarboxylic acid component
1s 100 mole %, and the total mole % of the diol component 1s
100 mole %; and wherein the inherent viscosity of the copoly-
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phenol/tetrachloroethane at a concentration 010.25 g/50ml at
25° C.; and wherein the copolyester has a'Tg from 110 to 130°

C.

In one aspect, the process(es) of the mnvention can be used
to manufacture a copolyester composition comprising;:
(I) at least one copolyester which comprises:
(a) a dicarboxylic acid component comprising:
(1) 70 to 100 mole % of terephthalic acid residues;
(11) O to 30 mole % of the residues of at least one aromatic
dicarboxylic acid having up to 20 carbon atoms; and
(111) O to 10 mole % of the residues of at least one
aliphatic dicarboxylic acid having up to 16 carbon
atoms; and
(b) a diol component comprising:
(1) 28 to 38 mole % of 2,2.4,4-tetramethyl-1,3-cyclobu-
tanediol residues;
(11) 62 to 72 mole % of cyclohexanedimethanol residues;
and
(II) at least one thermal stabilizer chosen from at least one
of alkyl phosphate esters, aryl phosphate esters, mixed
alkyl aryl phosphate esters, reaction products thereof,
and mixtures thereof;
wherein the total mole % of the dicarboxylic acid component
1s 100 mole %, and the total mole % of the diol component is
100 mole %; and wherein the inherent viscosity of the copoly-
ester 1s from 0.6 to 0.68 dL/g as determined 1n 60/40 (wt/wt)
phenol/tetrachloroethane at a concentration 010.25 g/50ml at
25° C.; and wherein the copolyester has a'Tg from 110 to 120°

C.

In one aspect, the process(es) of the mnvention can be used
to manufacture a copolyester composition comprising;:
(I) at least one copolyester which comprises:

(a) a dicarboxylic acid component comprising:
(1) 70 to 100 mole % of terephthalic acid residues;
(11) O to 30 mole % of the residues of at least one aromatic
dicarboxylic acid having up to 20 carbon atoms; and
(111) O to 10 mole % of the residues of at least one
aliphatic dicarboxylic acid having up to 16 carbon
atoms; and
(b) a diol component comprising:
(1) 30 to 35 mole % of 2,2.4,4-tetramethyl-1,3-cyclobu-
tanediol residues;
(11) 65 to 70 mole % of cyclohexanedimethanol residues;
and
(II) at least one thermal stabilizer chosen from at least one
of alkyl phosphate esters, aryl phosphate esters, mixed
alkyl aryl phosphate esters, reaction products thereof,
and mixtures thereof:;
wherein the total mole % of the dicarboxylic acid component
1s 100 mole %, and the total mole % of the diol component is
100 mole %; and wherein the inherent viscosity of the copoly-
ester 1s from 0.6 to 0.72 dL/g as determined 1n 60/40 (wt/wt)
phenol/tetrachloroethane at a concentration 010.25 g/50ml at
25° C.; and wherein the copolyester has a Tg from 110 to 130°
C.
In one aspect, the process(es) of the mnvention can be used
to manufacture a copolyester composition comprising:
(I) at least one copolyester which comprises:
(a) a dicarboxylic acid component comprising:
(1) 70 to 100 mole % of terephthalic acid residues;
(11) O to 30 mole % of the residues of at least one aromatic
dicarboxylic acid having up to 20 carbon atoms; and
(111) O to 10 mole % of the residues of at least one
aliphatic dicarboxylic acid having up to 16 carbon
atoms; and
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(b) a diol component comprising:
(1) 30 to 35 mole % of 2,2,4,4-tetramethyl-1,3-cyclobu-
tanediol residues;
(11) 65 to 70 mole % of cyclohexanedimethanol residues;
and
(II) at least one thermal stabilizer chosen from at least one
of alkyl phosphate esters, aryl phosphate esters, mixed
alkyl aryl phosphate esters, reaction products thereof,
and mixtures thereof:;
wherein the total mole % of the dicarboxylic acid component
1s 100 mole %, and the total mole % of the diol component 1s
100 mole %; and wherein the inherent viscosity ol the copoly-
ester 1s from 0.6 to 0.72 dL/g as determined 1n 60/40 (wt/wt)
phenol/tetrachloroethane at a concentration 01 0.25 g/50 ml at
25°C.; and wherein the copolyester has a Tg from 110 to 120°
C.
In one aspect, the process(es) of the invention can be used
to manufacture a copolyester composition comprising:
(I) at least one copolyester which comprises:
(a) a dicarboxylic acid component comprising:
(1) 70 to 100 mole % of terephthalic acid residues;
(11) O to 30 mole % of the residues of at least one aromatic
dicarboxylic acid having up to 20 carbon atoms; and
(111) O to 10 mole % of the residues of at least one
aliphatic dicarboxylic acid having up to 16 carbon
atoms; and
(b) a diol component comprising:
(1) 30 to 35 mole % of 2,2,4,4-tetramethyl-1,3-cyclobu-
tanediol residues;
(11) 65 to 70 mole % of cyclohexanedimethanol residues;
and
(II) at least one thermal stabilizer chosen from at least one
of alkyl phosphate esters, aryl phosphate esters, mixed
alkyl aryl phosphate esters, reaction products thereof,
and mixtures thereof:;
wherein the total mole % of the dicarboxylic acid component
1s 100 mole %, and the total mole % of the diol component 1s
100 mole %; and wherein the inherent viscosity of the copoly-
ester 1s Irom 0.6 to 0.68 dL/g as determined 1n 60/40 (wt/wt)
phenol/tetrachloroethane at a concentration 01 0.25 g/50 ml at

25°C.; and wherein the copolyester has a Tg from 110 to 130°
C.
In one aspect, the process(es) of the invention can be used
to manufacture a copolyester composition comprising:
(I) at least one copolyester which comprises:
(a) a dicarboxylic acid component comprising:
(1) 70 to 100 mole % of terephthalic acid residues;
(11) O to 30 mole % of the residues of at least one aromatic
dicarboxylic acid having up to 20 carbon atoms; and
(111) O to 10 mole % of the residues of at least one
aliphatic dicarboxylic acid having up to 16 carbon
atoms; and
(b) a diol component comprising:
(1) 30 to 35 mole % of 2,2,4,4-tetramethyl-1,3-cyclobu-
tanediol residues;
(11) 65 to 70 mole % of cyclohexanedimethanol residues;
and
(II) at least one thermal stabilizer chosen from at least one
of alkyl phosphate esters, aryl phosphate esters, mixed
alkyl aryl phosphate esters, reaction products thereof,
and mixtures thereof:;
wherein the total mole % of the dicarboxylic acid component
1s 100 mole %, and the total mole % of the diol component 1s
100 mole %; and wherein the inherent viscosity of the copoly-
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phenol/tetrachloroethane at a concentration 010.25 g/50ml at
25° C.; and wherein the copolyester has a'Tg from 110 to 120°

C.

In one aspect, the process(es) of the mnvention can be used
to manufacture a copolyester composition comprising;:
(I) at least one copolyester which comprises:
(a) a dicarboxylic acid component comprising:
(1) 70 to 100 mole % of terephthalic acid residues;
(11) O to 30 mole % of the residues of at least one aromatic
dicarboxylic acid having up to 20 carbon atoms; and
(111) O to 10 mole % of the residues of at least one
aliphatic dicarboxylic acid having up to 16 carbon
atoms; and
(b) a diol component comprising:
(1) 30 to 35 mole % of 2,2.4,4-tetramethyl-1,3-cyclobu-
tanediol residues;
(11) 65 to 70 mole % of cyclohexanedimethanol residues;
and
(II) at least one thermal stabilizer chosen from at least one
of alkyl phosphate esters, aryl phosphate esters, mixed
alkyl aryl phosphate esters, reaction products thereof,
and mixtures thereof;
wherein the total mole % of the dicarboxylic acid component
1s 100 mole %, and the total mole % of the diol component is
100 mole %; and wherein the inherent viscosity of the copoly-
ester 1s from 0.6 to 0.68 dL/g as determined 1n 60/40 (wt/wt)
phenol/tetrachloroethane at a concentration 010.25 g/50ml at
25° C.; and wherein the copolyester has a'lTg from 114 to 120°

C.

In one aspect, the process(es) of the mnvention can be used
to manufacture a copolyester composition comprising;:
(I) at least one copolyester which comprises:

(a) a dicarboxylic acid component comprising:
(1) 70 to 100 mole % of terephthalic acid residues;
(11) O to 30 mole % of the residues of at least one aromatic
dicarboxylic acid having up to 20 carbon atoms; and
(111) O to 10 mole % of the residues of at least one
aliphatic dicarboxylic acid having up to 16 carbon
atoms; and
(b) a diol component comprising:
(1) 31 to 35 mole % of 2,2.4,4-tetramethyl-1,3-cyclobu-
tanediol residues;
(11) 65 to 69 mole % of cyclohexanedimethanol residues;
and
(II) at least one thermal stabilizer chosen from at least one
of alkyl phosphate esters, aryl phosphate esters, mixed
alkyl aryl phosphate esters, reaction products thereof,
and mixtures thereof:;
wherein the total mole % of the dicarboxylic acid component
1s 100 mole %, and the total mole % of the diol component is
100 mole %; and wherein the inherent viscosity of the copoly-
ester 1s from 0.6 to 0.68 dL/g as determined 1n 60/40 (wt/wt)
phenol/tetrachloroethane at a concentration 010.25 g/50ml at
25° C.; and wherein the copolyester has a Tg from 110 to 120°
C.
In one aspect, the process(es) of the mnvention can be used
to manufacture a copolyester composition comprising:
(I) at least one copolyester which comprises:
(a) a dicarboxylic acid component comprising:
(1) 70 to 100 mole % of terephthalic acid residues;
(11) O to 30 mole % of the residues of at least one aromatic
dicarboxylic acid having up to 20 carbon atoms; and
(111) O to 10 mole % of the residues of at least one
aliphatic dicarboxylic acid having up to 16 carbon
atoms; and
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(b) a diol component comprising:
(1) 31 to 35 mole % of 2,2,4,4-tetramethyl-1,3-cyclobu-
tanediol residues;
(11) 65 to 69 mole % of cyclohexanedimethanol residues;
and
(II) at least one thermal stabilizer chosen from at least one
of alkyl phosphate esters, aryl phosphate esters, mixed
alkyl aryl phosphate esters, reaction products thereof,
and mixtures thereof:;
wherein the total mole % of the dicarboxylic acid component
1s 100 mole %, and the total mole % of the diol component 1s
100 mole %; and wherein the inherent viscosity of the copoly-
ester 1s from 0.6 to 0.68 dL/g as determined 1n 60/40 (wt/wt)
phenol/tetrachloroethane at a concentration 010.25 g/50 ml at
25°C.; and wherein the copolyester has a Tg from 114 to 120°
C.
In one aspect, the process(es) of the invention can be used
to manufacture a copolyester composition comprising:
(I) at least one copolyester which comprises:
(a) a dicarboxylic acid component comprising;:
(1) 70 to 100 mole % of terephthalic acid residues;
(11) O to 30 mole % of the residues of at least one
aromatic dicarboxylic acid having up to 20 carbon
atoms; and
(111) O to 10 mole % of the residues of at least one
aliphatic dicarboxylic acid having up to 16 carbon
atoms; and
(b) a diol component comprising;
(1) 30 to 40 mole % of 2,2.4,4-tetramethyl-1,3-cy-
clobutanediol residues:
(11) 60 to 70 mole % of cyclohexanedimethanol resi-
dues; and
(II) at least one thermal stabilizer chosen from at least one
of alkyl phosphate esters, aryl phosphate esters, mixed
alkyl aryl phosphate esters, reaction products thereof,
and mixtures thereof:;
wherein the total mole % of the dicarboxylic acid component
1s 100 mole %, and the total mole % of the diol component 1s
100 mole %; and wherein the inherent viscosity of the copoly-
ester 1s from 0.6 to 0.72 dL/g as determined 1n 60/40 (wt/wt)
phenol/tetrachloroethane at a concentration 010.25 g/50 ml at
25°C.; and wherein the copolyester has a Tg from 110 to 130°
C.
In one aspect, the process(es) of the imnvention can be used
to manufacture a copolyester composition comprising:
(I) at least one copolyester which comprises:
(a) a dicarboxylic acid component comprising;:
(1) 70 to 100 mole % of terephthalic acid residues;
(11) 0 to 30 mole % of the residues of at least one
aromatic dicarboxylic acid having up to 20 carbon
atoms; and
(111) O to 10 mole % of the residues of at least one
aliphatic dicarboxylic acid having up to 16 carbon
atoms; and
(b) a diol component comprising;
(1) 30 to 40 mole % of 2,2.4,4-tetramethyl-1,3-cy-
clobutanediol residues;
(11) 60 to 70 mole % of cyclohexanedimethanol resi-
dues; and
(II) at least one thermal stabilizer chosen from at least one
of alkyl phosphate esters, aryl phosphate esters, mixed

alkyl aryl phosphate esters, reaction products thereof,
and mixtures thereof:;

wherein the total mole % of the dicarboxylic acid component
1s 100 mole %, and the total mole % of the diol component 1s
100 mole %; and wherein the inherent viscosity of the copoly-
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phenol/tetrachloroethane at a concentration 010.25 g/50ml at
25° C.; and wherein the copolyester has a'Tg from 110 to 120°
C.
In one aspect, the process(es) of the mnvention can be used
to manufacture a copolyester composition comprising;:
(I) at least one copolyester which comprises:
(a) a dicarboxylic acid component comprising:
(1) 70 to 100 mole % of terephthalic acid residues;
(11) O to 30 mole % of the residues of at least one aromatic
dicarboxylic acid having up to 20 carbon atoms; and
(111) O to 10 mole % of the residues of at least one
aliphatic dicarboxylic acid having up to 16 carbon
atoms; and
(b) a diol component comprising:
(1) 30 to 40 mole % of 2,2.4,4-tetramethyl-1,3-cyclobu-
tanediol residues;
(11) 60 to 70 mole % of cyclohexanedimethanol residues;
and
(II) at least one thermal stabilizer chosen from at least one
of alkyl phosphate esters, aryl phosphate esters, mixed
alkyl aryl phosphate esters, reaction products thereof,
and mixtures thereof;
wherein the total mole % of the dicarboxylic acid component
1s 100 mole %, and the total mole % of the diol component is
100 mole %; and wherein the inherent viscosity of the copoly-
ester 1s from 0.6 to 0.68 dL/g as determined 1n 60/40 (wt/wt)
phenol/tetrachloroethane at a concentration 010.25 g/50ml at
25° C.; and wherein the copolyester has a'Tg from 110 to 120°
C.
In one aspect, the process(es) of the mnvention can be used
to manufacture a copolyester composition comprising;:
(I) at least one copolyester which comprises:
(a) a dicarboxylic acid component comprising:
(1) 70 to 100 mole % of terephthalic acid residues;
(11) O to 30 mole % of the residues of at least one aromatic
dicarboxylic acid having up to 20 carbon atoms; and
(111) O to 10 mole % of the residues of at least one
aliphatic dicarboxylic acid having up to 16 carbon
atoms; and
(b) a diol component comprising:
(1) 20 to 35 mole % of 2,2.4,4-tetramethyl-1,3-cyclobu-
tanediol residues;
(11) 65 to 80 mole % of cyclohexanedimethanol residues;
and
(II) at least one thermal stabilizer chosen from at least one
of alkyl phosphate esters, aryl phosphate esters, mixed
alkyl aryl phosphate esters, reaction products thereof,
and mixtures thereof;
wherein the total mole % of the dicarboxylic acid component
1s 100 mole %, and the total mole % of the diol component is
100 mole %; and wherein the inherent viscosity of the copoly-
ester 1s from 0.55 to 0.80 dL/g as determined 1n 60/40 (wt/wt)
phenol/tetrachloroethane at a concentration 01 0.25 g/50ml at
25° C.
In one aspect, the process(es) of the imnvention can be used
to manufacture a copolyester composition comprising;:
(I) at least one copolyester which comprises:
(a) a dicarboxylic acid component comprising:
(1) 70 to 100 mole % of terephthalic acid residues;
(1) 0 to 30 mole % of the residues of at least one aromatic

dicarboxylic acid having up to 20 carbon atoms; and

(111) O to 10 mole % of the residues of at least one
aliphatic dicarboxylic acid having up to 16 carbon
atoms; and
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(b) a diol component comprising:
(1) 20 to 35 mole % of 2,2,4,4-tetramethyl-1,3-cyclobu-
tanediol residues;
(11) 65 to 80 mole % of cyclohexanedimethanol residues;
and
(II) at least one thermal stabilizer chosen from at least one
of alkyl phosphate esters, aryl phosphate esters, mixed
alkyl aryl phosphate esters, reaction products thereof,
and mixtures thereof:;
wherein the total mole % of the dicarboxylic acid component
1s 100 mole %, and the total mole % of the diol component 1s
100 mole %; and wherein the inherent viscosity ol the copoly-
ester 1s from 0.55 10 0.75 dL/g as determined 1n 60/40 (wt/wt)
phenol/tetrachloroethane at a concentration 01 0.25 g/50 ml at
25° C.
In one aspect, the process(es) of the invention can be used
to manufacture a copolyester composition comprising:
(I) at least one copolyester which comprises:
(a) a dicarboxylic acid component comprising:
(1) 70 to 100 mole % of terephthalic acid residues;
(1) O to 30 mole % of the residues of at least one aromatic
dicarboxylic acid having up to 20 carbon atoms; and
(111) O to 10 mole % of the residues of at least one
aliphatic dicarboxylic acid having up to 16 carbon
atoms; and
(b) a diol component comprising:
(1) 20 to 35 mole % of 2,2.4,4-tetramethyl-1,3-cyclobu-
tanediol residues;
(11) 65 to 80 mole % of cyclohexanedimethanol residues;
and
(II) at least one thermal stabilizer chosen from at least one
of alkyl phosphate esters, aryl phosphate esters, mixed
alkyl aryl phosphate esters, reaction products thereof,
and mixtures thereof;
wherein the total mole % of the dicarboxylic acid component
1s 100 mole %, and the total mole % of the diol component 1s
100 mole %; and wherein the copolyester has a Tg from 100
to 125° C.
In one aspect, the process(es) of the invention can be used
to manufacture a copolyester composition comprising:
(I) at least one copolyester which comprises:
(a) a dicarboxylic acid component comprising:
(1) 70 to 100 mole % of terephthalic acid residues;
(11) 0 to 30 mole % of the residues of at least one aromatic
dicarboxylic acid having up to 20 carbon atoms; and
(111) O to 10 mole % of the residues of at least one
aliphatic dicarboxylic acid having up to 16 carbon
atoms; and
(b) a diol component comprising:
(1) 20 to 35 mole % of 2,2,4,4-tetramethyl-1,3-cyclobu-
tanediol residues;
(11) 65 to 80 mole % of cyclohexanedimethanol residues;
and
(II) at least one thermal stabilizer chosen from at least one
of alkyl phosphate esters, aryl phosphate esters, mixed
alkyl aryl phosphate esters, reaction products thereof,
and mixtures thereof:;
wherein the total mole % of the dicarboxylic acid component
1s 100 mole %, and the total mole % of the diol component 1s
100 mole %; and wherein the inherent viscosity of the copoly-

ester 1s from 0.55 10 0.75 dL/g as determined 1n 60/40 (wt/wt)
phenol/tetrachloroethane at a concentration 01 0.25 g/50 ml at
25°C.; and wherein the copolyester has a'Tg from 100 to 125°

C.
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In one aspect, the process(es) of the mnvention can be used
to manufacture a copolyester composition comprising;:

(I) at least one copolyester which comprises:
(a) a dicarboxylic acid component comprising:
(1) 70 to 100 mole % of terephthalic acid residues;

(1) 0 to 30 mole % of the residues of at least one aromatic
dicarboxylic acid having up to 20 carbon atoms; and

(111) O to 10 mole % of the residues of at least one
aliphatic dicarboxylic acid having up to 16 carbon
atoms; and

(b) a diol component comprising:
(1) 20 to 35 mole % of 2,2.4,4-tetramethyl-1,3-cyclobu-
tanediol residues;

(11) 65 to 80 mole % of cyclohexanedimethanol residues;
and

(II) at least one thermal stabilizer chosen from at least one
of alkyl phosphate esters, aryl phosphate esters, mixed
alkyl aryl phosphate esters, reaction products thereot,
and mixtures thereof;

wherein the total mole % of the dicarboxylic acid component
1s 100 mole %, and the total mole % of the diol component 1s
100 mole %; and wherein the inherent viscosity of the copoly-
ester 1s from 0.55 to 0.80 dL/g as determined 1n 60/40 (wt/wt)
phenol/tetrachloroethane at a concentration 01 0.25 g/50ml at

25° C.; and wherein the copolyester has a'T'g from 95 to 150°
C.

In one aspect, the process(es) of the invention can be used
to manufacture a copolyester composition comprising:

(I) at least one copolyester which comprises:
(a) a dicarboxylic acid component comprising:
(1) 70 to 100 mole % of terephthalic acid residues;

(11) O to 30 mole % of the residues of at least one aromatic
dicarboxylic acid having up to 20 carbon atoms; and

(111) O to 10 mole % of the residues of at least one
aliphatic dicarboxylic acid having up to 16 carbon
atoms; and

(b) a diol component comprising:
(1) 20 to 25

mole % o1 2,2,4,4-tetramethyl-1,3-cyclobutanediol resi-
dues:

(11) 75 to 80 mole % of cyclohexanedimethanol residues;
and

(II) at least one thermal stabilizer chosen from at least one
of alkyl phosphate esters, aryl phosphate esters, mixed
alkyl aryl phosphate esters, reaction products thereof,
and mixtures thereot;

wherein the total mole % of the dicarboxylic acid component
1s 100 mole %, and the total mole % of the diol component 1s
100 mole %; and wherein the inherent viscosity of the copoly-
ester 1s from 0.69 10 0.75 dL/g as determined 1n 60/40 (wt/wt)
phenol/tetrachloroethane at a concentration 01 0.25 g/50ml at
25° C.

In one aspect, the process(es) of the mnvention can be used
to manufacture a copolyester composition comprising;:

(I) at least one copolyester which comprises:
(a) a dicarboxylic acid component comprising:

(1) 70 to 100 mole % of terephthalic acid residues;

(1) 0 to 30 mole % of the residues of at least one aromatic
dicarboxyvlic acid having up to 20 carbon atoms; and

(111) O to 10 mole % of the residues of at least one
aliphatic dicarboxylic acid having up to 16 carbon
atoms; and
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(b) a diol component comprising:
(1) 20 to 25 mole % of 2,2,4,4-tetramethyl-1,3-cyclobu-
tanediol residues;
(11) 75 to 80 mole % of cyclohexanedimethanol residues;
and
(II) at least one thermal stabilizer chosen from at least one
of alkyl phosphate esters, aryl phosphate esters, mixed
alkyl aryl phosphate esters, reaction products thereof,
and mixtures thereof:;
wherein the total mole % of the dicarboxylic acid component
1s 100 mole %, and the total mole % of the diol component 1s
100 mole %; and wherein the copolyester has a'Tg from 105
to 112° C.
In one aspect, the process(es) of the invention can be used
to manufacture a copolyester composition comprising;:
(I) at least one copolyester which comprises:
(a) a dicarboxylic acid component comprising:
(1) 70 to 100 mole % of terephthalic acid residues;
(11) O to 30 mole % of the residues of at least one aromatic
dicarboxylic acid having up to 20 carbon atoms; and
(111) O to 10 mole % of the residues of at least one
aliphatic dicarboxylic acid having up to 16 carbon
atoms; and
(b) a diol component comprising:
(1) 20 to 25 mole % of 2,2,4,4-tetramethyl-1,3-cyclobu-
tanediol residues;
(11) 75 to 80 mole % of cyclohexanedimethanol residues;
and
(II) at least one thermal stabilizer chosen from at least one
ol alkyl phosphate esters, aryl phosphate esters, mixed
alkyl aryl phosphate esters, reaction products thereof,
and mixtures thereof:;
wherein the total mole % of the dicarboxylic acid component
1s 100 mole %, and the total mole % of the diol component 1s
100 mole %; and wherein the inherent viscosity of the copoly-
ester 1s from 0.69 10 0.75 dL/g as determined 1n 60/40 (wt/wt)
phenol/tetrachloroethane at a concentration 01 0.25 g/50 ml at
25°C.; and wherein the copolyester has a Tg from 105 to 112°
C.
In one aspect, the process(es) of the invention can be used
to manufacture a copolyester composition comprising;:
(I) at least one copolyester which comprises:
(a) a dicarboxylic acid component comprising:
(1) 70 to 100 mole % of terephthalic acid residues;
(1) 0 to 30 mole % of the residues of at least one aromatic
dicarboxylic acid having up to 20 carbon atoms; and
(111) O to 10 mole % of the residues of at least one
aliphatic dicarboxylic acid having up to 16 carbon
atoms; and
(b) a diol component comprising:
(1) 30 to 35 mole % of 2,2,4,4-tetramethyl-1,3-cyclobu-
tanediol residues;
(11) 65 to 70 mole % of cyclohexanedimethanol residues;
and
(II) at least one thermal stabilizer chosen from at least one
ol alkyl phosphate esters, aryl phosphate esters, mixed
alkyl aryl phosphate esters, reaction products thereof,
and mixtures thereot;
wherein the total mole % of the dicarboxylic acid component
1s 100 mole %, and the total mole % of the diol component 1s

100 mole %; and wherein the inherent viscosity of the copoly-
ester 1s from 0.61 to 0.68 dL/g as determined 1n 60/40 (wt/wt)
phenol/tetrachloroethane at a concentration 01 0.25 g/50 ml at
25° C.
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In one aspect, the process(es) of the mnvention can be used
to manufacture a copolyester composition comprising;:

(I) at least one copolyester which comprises:

(a) a dicarboxylic acid component comprising:
(1) 70 to 100 mole % of terephthalic acid residues;

(1) 0 to 30 mole % of the residues of at least one aromatic
dicarboxyvlic acid having up to 20 carbon atoms; and

(111) O to 10 mole % of the residues of at least one
aliphatic dicarboxylic acid having up to 16 carbon
atoms; and

(b) a diol component comprising:
(1) 30 to 35 mole % of 2,2.4,4-tetramethyl-1,3-cyclobu-
tanediol residues;

(11) 65 to 70 mole % of cyclohexanedimethanol residues;
and

(II) at least one thermal stabilizer chosen from at least one
of alkyl phosphate esters, aryl phosphate esters, mixed
alkyl aryl phosphate esters, reaction products thereot,
and mixtures thereot;

wherein the total mole % of the dicarboxylic acid component
1s 100 mole %, and the total mole % of the diol component is
100 mole %; and wherein the copolyester has a Tg from 114

to 120° C.

In one aspect, the process(es) of the invention can be used
to manufacture a copolyester composition comprising:

(I) at least one copolyester which comprises:
(a) a dicarboxylic acid component comprising:
(1) 70 to 100 mole % of terephthalic acid residues;

(11) O to 30 mole % of the residues of at least one aromatic
dicarboxylic acid having up to 20 carbon atoms; and

(111) O to 10 mole % of the residues of at least one
aliphatic dicarboxylic acid having up to 16 carbon
atoms; and

(b) a diol component comprising:
(1) 30 to 35 mole % of 2,2.4,4-tetramethyl-1,3-cyclobu-
tanediol residues;

(11) 65 to 70 mole % of cyclohexanedimethanol residues;
and

(II) at least one thermal stabilizer chosen from at least one
of alkyl phosphate esters, aryl phosphate esters, mixed
alkyl aryl phosphate esters, reaction products thereot,
and mixtures thereof;

wherein the total mole % of the dicarboxylic acid component
1s 100 mole %, and the total mole % of the diol component is
100 mole %; and wherein the inherent viscosity of the copoly-
ester 1s from 0.61 to 0.68 dL/g as determined 1 60/40 (wt/wt)
phenol/tetrachloroethane at a concentration 01 0.25 g/50ml at

25° C.; and wherein the copolyester has a'Tg from 114 to 120°
C.

In one aspect, the process(es) of the invention can be used
to manufacture a copolyester composition comprising:

(I) at least one copolyester which comprises:
(a) a dicarboxylic acid component comprising:

(1) 70 to 100 mole % of terephthalic acid residues;

(11) O to 30 mole % of the residues of at least one aromatic
dicarboxylic acid having up to 20 carbon atoms; and

(111) O to 10 mole % of the residues of at least one
aliphatic dicarboxylic acid having up to 16 carbon
atoms; and
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(b) a diol component comprising:
(1) 20 to 35 mole % of 2,2,4,4-tetramethyl-1,3-cyclobu-
tanediol residues;
(11) 65 to 80 mole % of cyclohexanedimethanol residues;
and
(II) at least one thermal stabilizer chosen from at least one
of alkyl phosphate esters, aryl phosphate esters, mixed
alkyl aryl phosphate esters, reaction products thereof,
and mixtures thereof:;
wherein the total mole % of the dicarboxylic acid component
1s 100 mole %, and the total mole % of the diol component 1s
100 mole %; and wherein the inherent viscosity ol the copoly-
ester 1s from 0.55 10 0.67 dL/g as determined 1n 60/40 (wt/wt)
phenol/tetrachloroethane at a concentration 01 0.25 g/50 ml at
25°C.; and wherein the copolyester has a Tg from 105 to 120°
C.
In one aspect, the process(es) of the invention can be used
to manufacture a copolyester composition comprising:
(I) at least one copolyester which comprises:
(a) a dicarboxylic acid component comprising:
(1) 70 to 100 mole % of terephthalic acid residues;
(11) O to 30 mole % of the residues of at least one aromatic
dicarboxylic acid having up to 20 carbon atoms; and
(111) O to 10 mole % of aliphatic dicarboxylic acid resi-
dues having up to 16 carbon atoms; and
(b) a diol component comprising:
(1) 20 to 35 mole % of 2,2.4,4-tetramethyl-1,3-cyclobu-
tanediol residues;
(11) 65 to 80 mole % of cyclohexanedimethanol residues;
and
(II) at least one thermal stabilizer chosen from at least one
of alkyl phosphate esters, aryl phosphate esters, mixed
alkyl aryl phosphate esters, reaction products thereof,
and mixtures thereof;
wherein the total mole % of the dicarboxylic acid component
1s 100 mole %, and the total mole % of the diol component 1s
100 mole %; and wherein the copolyester has a Tg from 108
to 116° C.
In one aspect, the process(es) of the invention can be used
to manufacture a copolyester composition comprisi:
(I) at least one copolyester which comprises:
(a) a dicarboxylic acid component comprising:
(1) 70 to 100 mole % of terephthalic acid residues;
(11) 0 to 30 mole % of the residues of at least one aromatic
dicarboxylic acid having up to 20 carbon atoms; and
(111) O to 10 mole % of the residues of at least one
aliphatic dicarboxylic acid having up to 16 carbon
atoms; and
(b) a diol component comprising:
(1) 21 to 25 mole % of 2,2,4,4-tetramethyl-1,3-cyclobu-
tanediol residues;
(11) 75 to 79 mole % of cyclohexanedimethanol residues;
and
(II) at least one thermal stabilizer chosen from at least one
of alkyl phosphate esters, aryl phosphate esters, mixed
alkyl aryl phosphate esters, reaction products thereof,
and mixtures thereof:;
wherein the total mole % of the dicarboxylic acid component
1s 100 mole %, and the total mole % of the diol component 1s
100 mole %; and wherein the inherent viscosity of the copoly-

ester 1s Irom 0.6 to 0.75 dL/g as determined 1n 60/40 (wt/wt)

phenol/tetrachloroethane at a concentration 01 0.25 g/50 ml at
25°C.; and wherein the copolyester has a'Tg from 100 to 120°
C.
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In one aspect, the process(es) of the mnvention can be used
to manufacture a copolyester composition comprising;:

(I) at least one copolyester which comprises:
(a) a dicarboxylic acid component comprising:
(1) 70 to 100 mole % of terephthalic acid residues;

(1) 0 to 30 mole % of the residues of at least one aromatic
dicarboxylic acid having up to 20 carbon atoms; and

(111) O to 10 mole % of the residues of at least one
aliphatic dicarboxylic acid having up to 16 carbon
atoms; and

(b) a diol component comprising:
(1) 20 to 25 mole % of 2,2.4,4-tetramethyl-1,3-cyclobu-
tanediol residues;

(11) 75 to 80 mole % of cyclohexanedimethanol residues;
and

(II) at least one thermal stabilizer chosen from at least one
of alkyl phosphate esters, aryl phosphate esters, mixed
alkyl aryl phosphate esters, reaction products thereof,
and mixtures thereof:;

wherein the total mole % of the dicarboxylic acid component
1s 100 mole %, and the total mole % of the diol component is
100 mole %; and wherein the inherent viscosity of the copoly-
ester 1s from 0.65 1o 0.75 dL/g as determined 1in 60/40 (wt/wt)
phenol/tetrachloroethane at a concentration 01 0.25 g/50ml at
25° C.; and wherein the copolyester has a'Tg from 100 to 120°
C.

In one aspect, the process(es) of the imnvention can be used
to manufacture a copolyester composition comprising:

(I) at least one copolyester which comprises:
(a) a dicarboxylic acid component comprising;
(1) 70 to 100 mole % of terephthalic acid residues;

(11) 0 to 30 mole % of the residues of at least one aromatic
dicarboxylic acid having up to 20 carbon atoms; and

(111) O to 10 mole % of the residues of at least one
aliphatic dicarboxylic acid having up to 16 carbon
atoms; and

(b) a diol component comprising:
(1) 21 to 25 mole % of 2,2.4,4-tetramethyl-1,3-cyclobu-
tanediol residues;

(11) 75 to 79 mole % of cyclohexanedimethanol residues;
and

(II) at least one thermal stabilizer chosen from at least one
ol alkyl phosphate esters, aryl phosphate esters, mixed
alkyl aryl phosphate esters, reaction products thereof,
and mixtures thereof;

wherein the total mole % of the dicarboxylic acid component
1s 100 mole %, and the total mole % of the diol component 1s
100 mole %; and wherein the inherent viscosity of the copoly-
ester 1s from 0.65 10 0.75 dL/g as determined 1n 60/40 (wt/wt)
phenol/tetrachloroethane at a concentration 01 0.25 g/50ml at

25° C.; and wherein the copolyester has a'Tg from 100 to 120°
C.

In one aspect, the process(es) of the mnvention can be used
to manufacture a copolyester composition comprising;:

(I) at least one copolyester which comprises:
(a) a dicarboxylic acid component comprising:

(1) 70 to 100 mole % of terephthalic acid residues;

(1) 0 to 30 mole % of the residues of at least one aromatic
dicarboxyvlic acid having up to 20 carbon atoms; and

(111) O to 10 mole % of the residues of at least one
aliphatic dicarboxylic acid having up to 16 carbon
atoms; and
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(b) a diol component comprising:
(1) 21 to 25 mole % of 2,2,4,4-tetramethyl-1,3-cyclobu-
tanediol residues;
(11) 75 to 79 mole % of cyclohexanedimethanol residues;
and
(II) at least one thermal stabilizer chosen from at least one
of alkyl phosphate esters, aryl phosphate esters, mixed
alkyl aryl phosphate esters, reaction products thereof,
and mixtures thereof:;
wherein the total mole % of the dicarboxylic acid component
1s 100 mole %, and the total mole % of the diol component 1s
100 mole %; and wherein the inherent viscosity ol the copoly-
ester 1s from 0.7 to 0.75 dL/g as determined 1n 60/40 (wt/wt)
phenol/tetrachloroethane at a concentration 01 0.25 g/50 ml at
25°C.; and wherein the copolyester has a Tg from 100 to 120°
C.
In one aspect, the process(es) of the invention can be used
to manufacture a copolyester composition comprising:
(I) at least one copolyester which comprises:
(a) a dicarboxylic acid component comprising:
(1) 70 to 100 mole % of terephthalic acid residues;
(11) O to 30 mole % of the residues of at least one aromatic
dicarboxylic acid having up to 20 carbon atoms; and
(111) O to 10 mole % of the residues of at least one
aliphatic dicarboxylic acid having up to 16 carbon
atoms; and
(b) a diol component comprising:
(1) 15 to 25 mole % of 2,2,4,4-tetramethyl-1,3-cyclobu-
tanediol residues;
(11) 75 to 85 mole % of cyclohexanedimethanol residues;
and
(II) at least one thermal stabilizer chosen from at least one
of alkyl phosphate esters, aryl phosphate esters, mixed
alkyl aryl phosphate esters, reaction products thereof,
and mixtures thereof:;
wherein the total mole % of the dicarboxylic acid component
1s 100 mole %, and the total mole % of the diol component 1s
100 mole %; and wherein the inherent viscosity of the copoly-
ester 1s Irom 0.6 to 0.75 dL/g as determined 1n 60/40 (wt/wt)
phenol/tetrachloroethane at a concentration 01 0.25 g/50 ml at

25°C.; and wherein the copolyester has a Tg from 100 to 120°
C.
In one aspect, the process(es) of the invention can be used
to manufacture a copolyester composition comprising:
(I) at least one copolyester which comprises:
(a) a dicarboxylic acid component comprising:
(1) 70 to 100 mole % of terephthalic acid residues;
(11) O to 30 mole % of the residues of at least one aromatic
dicarboxylic acid having up to 20 carbon atoms; and
(111) O to 10 mole % of the residues of at least one
aliphatic dicarboxylic acid having up to 16 carbon
atoms; and
(b) a diol component comprising:
(1) 20 to 25 mole % of 2,2,4,4-tetramethyl-1,3-cyclobu-
tanediol residues;
(11) 75 to 80 mole % of cyclohexanedimethanol residues;
and
(II) at least one thermal stabilizer chosen from at least one
of alkyl phosphate esters, aryl phosphate esters, mixed
alkyl aryl phosphate esters, reaction products thereof,
and mixtures thereof:;
wherein the total mole % of the dicarboxylic acid component
1s 100 mole %, and the total mole % of the diol component 1s
100 mole %; and wherein the inherent viscosity of the copoly-

ester 1s from 0.6 t0 0.75 dL/g as determined 1n 60/40 (wt/wt)
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phenol/tetrachloroethane at a concentration 010.25 g/50ml at
25° C.; and wherein the copolyester has a'Tg from 100 to 120°
C.

In one aspect, the process(es) of the mnvention can be used
to manufacture a copolyester composition comprising;:
(I) at least one copolyester which comprises:
(a) a dicarboxylic acid component comprising:
(1) 70 to 100 mole % of terephthalic acid residues;
(11) O to 30 mole % of the residues of at least one aromatic
dicarboxylic acid having up to 20 carbon atoms; and
(111) O to 10 mole % of the residues of at least one
aliphatic dicarboxylic acid having up to 16 carbon
atoms; and
(b) a diol component comprising:
(1) 21 to 25 mole % of 2,2.4,4-tetramethyl-1,3-cyclobu-
tanediol residues;
(11) 75 to 79 mole % of cyclohexanedimethanol residues;
and
(II) at least one thermal stabilizer chosen from at least one
of alkyl phosphate esters, aryl phosphate esters, mixed
alkyl aryl phosphate esters, reaction products thereof,
and mixtures thereof;
wherein the total mole % of the dicarboxylic acid component
1s 100 mole %, and the total mole % of the diol component is
100 mole %; and wherein the inherent viscosity of the copoly-
ester 1s from 0.6 to 0.75 dL/g as determined 1n 60/40 (wt/wt)
phenol/tetrachloroethane at a concentration 010.25 g/50ml at
25° C.; and wherein the copolyester has a'Tg from 100 to 120°
C.

In one aspect, the process(es) of the mnvention can be used
to manufacture a copolyester composition comprising;:
(I) at least one copolyester which comprises:

(a) a dicarboxylic acid component comprising:
(1) 70 to 100 mole % of terephthalic acid residues;
(11) O to 30 mole % of the residues of at least one aromatic
dicarboxylic acid having up to 20 carbon atoms; and
(111) O to 10 mole % of the residues of at least one
aliphatic dicarboxylic acid having up to 16 carbon
atoms; and
(b) a diol component comprising:
(1) 15 to 25 mole % of 2,2.4,4-tetramethyl-1,3-cyclobu-
tanediol residues;
(11) 75 to 85 mole % of cyclohexanedimethanol residues;
and
(II) at least one thermal stabilizer chosen from at least one
of alkyl phosphate esters, aryl phosphate esters, mixed
alkyl aryl phosphate esters, reaction products thereof,
and mixtures thereof:;
wherein the total mole % of the dicarboxylic acid component
1s 100 mole %, and the total mole % of the diol component is
100 mole %; and wherein the inherent viscosity of the copoly-
ester 1s from 0.69 to 0.75 dL/g as determined 1n 60/40 (wt/wt)
phenol/tetrachloroethane at a concentration 010.25 g/50ml at
25° C.; and wherein the copolyester has a Tg from 100 to 120°
C.
In one aspect, the process(es) of the mnvention can be used
to manufacture a copolyester composition comprising:
(I) at least one copolyester which comprises:
(a) a dicarboxylic acid component comprising:
(1) 70 to 100 mole % of terephthalic acid residues;
(11) O to 30 mole % of the residues of at least one aromatic
dicarboxylic acid having up to 20 carbon atoms; and
(111) O to 10 mole % of the residues of at least one
aliphatic dicarboxylic acid having up to 16 carbon
atoms; and
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(b) a diol component comprising:
(1) 20 to 25 mole % of 2,2,4,4-tetramethyl-1,3-cyclobu-
tanediol residues;
(11) 75 to 80 mole % of cyclohexanedimethanol residues;
and
(II) at least one thermal stabilizer chosen from at least one
of alkyl phosphate esters, aryl phosphate esters, mixed
alkyl aryl phosphate esters, reaction products thereof,
and mixtures thereof:;
wherein the total mole % of the dicarboxylic acid component
1s 100 mole %, and the total mole % of the diol component 1s
100 mole %; and wherein the inherent viscosity ol the copoly-
ester 1s from 0.69 10 0.75 dL/g as determined 1n 60/40 (wt/wt)
phenol/tetrachloroethane at a concentration 01 0.25 g/50 ml at
25°C.; and wherein the copolyester has a Tg from 100 to 120°
C.
In one aspect, the process(es) of the invention can be used
to manufacture a copolyester composition comprising:
(I) at least one copolyester which comprises:
(a) a dicarboxylic acid component comprising:
(1) 70 to 100 mole % of terephthalic acid residues;
(11) O to 30 mole % of the residues of at least one aromatic
dicarboxylic acid having up to 20 carbon atoms; and
(111) O to 10 mole % of the residues of at least one
aliphatic dicarboxylic acid having up to 16 carbon
atoms; and
(b) a diol component comprising:
(1) 21 to 25 mole % of 2,2,4,4-tetramethyl-1,3-cyclobu-
tanediol residues;
(11) 75 to 79 mole % of cyclohexanedimethanol residues;
and
(II) at least one thermal stabilizer chosen from at least one
of alkyl phosphate esters, aryl phosphate esters, mixed
alkyl aryl phosphate esters, reaction products thereof,
and mixtures thereof:;
wherein the total mole % of the dicarboxylic acid component
1s 100 mole %, and the total mole % of the diol component 1s
100 mole %; and wherein the inherent viscosity of the copoly-
ester 1s from 0.69 10 0.75 dL/g as determined 1n 60/40 (wt/wt)
phenol/tetrachloroethane at a concentration 01 0.25 g/50 ml at

25°C.; and wherein the copolyester has a Tg from 100 to 120°
C.

In one aspect, made by the processes of the invention can
comprise tin atoms. In another aspect, the copolyesters and/or
copolyester compositions made by the processes of the mven-
tion can contain at least one polycarbonate.

In one aspect, the copolyesters made by the processes of
the invention can contain ethylene glycol residues. In another
aspect, the copolyesters made by the processes of the mven-
tion contain no ethylene glycol residues. In another aspect,
the copolyesters made by the processes of the invention can
contain at least one branching agent without regard to the
method or sequence 1n which 1t 1s added.

In one aspect, the copolyesters made by the processes of
the 1nvention can be made with 1,3-propanediol or, 1,4-bu-
tanediol, either singly or in combination. In other aspects,
1,3-propanediol or 1,4-butanediol, either singly or 1n combi-
nation, may be used in the process of making the copolyesters
usetul 1n this invention.

In one aspect of the invention, the mole % of c1s-2,2,4,4-
tetramethyl-1,3-cyclobutanediol useful 1n certain processes
of the invention 1s greater than 50 mole % or greater than 55
mole % of cis-2,2,4,4-tetramethyl-1,3-cyclobutanediol or
greater than 70 mole % of cis-2,2.4,4-tetramethyl-1,3-cy-
clobutanediol; wherein the total mole percentage of c1s-2,2,
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4.4-tetramethyl-1,3-cyclobutanediol and trans-2,2.4,4-tet-
ramethyl-1,3-cyclobutanediol i1s equal to a total of 100 mole
%.

In one aspect of the invention, the mole % of the 1somers of
2.2,4.4-tetramethyl-1,3-cyclobutanediol useful 1 certain
processes ol the ivention 1s from 30 to 70 mole % of cis-2,
2.4 4-tetramethyl-1,3-cyclobutanediol or from 30 to 70 mole
% of trans-2,2,4,4-tetramethyl-1,3-cyclobutanediol, or from
40 to 60 mole % of c1s-2,2,4,4-tetramethyl-1,3-cyclobutane-
diol or from 40 to 60 mole % of trans-2,2.4,4-tetramethyl-1,
3-cyclobutanediol, wherein the total mole percentage of cis-
2.,2,4.4-tetramethyl-1,3-cyclobutanediol and trans-2,2,4,4-
tetramethyl-1,3-cyclobutanediol 1s equal to a total of 100
mole %.

In one aspect, the copolyesters and/or copolyester compo-
sitions made by the processes of the invention can comprise
phosphorus atoms. In another aspect, the copolyesters made
by the processes of the mvention can comprise at least one
phosphate ester.

In one aspect, the copolyesters made by the processes of
the 1nvention can comprise phosphorus atoms and tin atoms.
In another aspect, any of the copolyesters made by the pro-
cesses of the mvention may comprise at least one tin com-
pound and at least one titanium compound.

In one aspect, any of the copolyester compositions made by
the processes of the invention may comprise at least one aryl
phosphate ester. In another aspect, any of the copolyester
compositions made by the processes of the invention may
comprise at least one unsubstituted aryl phosphate ester. In
yet another aspect, any of the copolyester compositions made
by the processes of the invention may comprise at least one
aryl phosphate ester which 1s not substituted with benzyl
groups. In still another aspect, any of the copolyester compo-
sitions made by the processes of the invention may comprise
at least one triaryl phosphate ester. In still another aspect, any
ol the copolyester compositions made by the processes of the
invention may comprise at least one triaryl phosphate ester
which 1s not substituted with benzyl groups. In yet another
aspect, any of the copolyester compositions made by the
processes of the mvention may comprise at least one alkyl
phosphate ester. In another aspect, any of the processes of the
invention may comprise at least one tin compound as
described herein.

In one embodiment, the presence of the phosphorus com-
pound(s) 1n the process(es) of the mvention can result 1n a
weight ratio ol total tin atoms to total phosphorus atoms 1n the
final copolyester of 2-10:1. In one embodiment, the presence
of the phosphorus compound(s) in the process(es) can result
in a weight ratio of total tin atoms to total phosphorus atoms
in the final copolyester of 5-9:1. In one embodiment, the
presence of the phosphorus compound(s) 1n the process(es)
can result 1n a weight ratio of total tin atoms to total phospho-
rus atoms 1n the final copolyester of 6-8:1. In one embodi-
ment, the presence of the phosphorus compound(s) 1n the
process(es) can result 1n a weight ratio of total tin to total
phosphorus 1n the final copolyester of 7:1. For example, the
weight of tin and phosphorus (as elemental tin or phosphorus)
present 1n the final copolyester can be measured in ppm and
can result 1n a weight ratio of total tin to total phosphorus 1n
the final copolyester of any of the aforesaid weight ratios.

In one embodiment, the amount of tin 1n the final copoly-
esters made by the processes of the imnvention can be from 15
to 400 ppm tin based on the weight of the final copolyester. In
another embodiment, the amount of tin 1n the final copolyes-
ters made by the processes of the invention can be from 25 to
400 ppm tin based on the weight of the final copolyester. In
yet another embodiment, the amount of tin 1n the final copoly-
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esters made by the processes of the invention can be from 40
to 200 ppm tin based on the weight of the final copolyester. In
yet another embodiment, the amount of tin 1n the final copoly-
esters made by the processes of the invention can be from 50
to 125 ppm tin atoms based on the weight of the final copoly-
ester.

In one embodiment, the amount of phosphorus in the final
copolyesters made by the processes of the invention can be
from 1 to 100 ppm phosphorus based on the weight of the final
copolyester. In another embodiment, the amount of phospho-
rus 1n the final copolyesters made by the processes of 1n the
invention can be from 4 to 60 ppm phosphorus based on the
weight of the final copolyester. In yet another embodiment,
the amount of phosphorus atoms in the final copolyesters
made by the processes of the invention can be from 6 to 20
ppm phosphorus based on the weight of the final copolyester.

In one embodiment, the amount of phosphorus in the final
copolyesters made by the processes of the invention can be
from 1 to 100 ppm phosphorus based on the weight of the final
copolyester and the amount of tin 1n the final copolyester can
be from 15 to 400 ppm tin based on the weight of the final
copolyester. In another embodiment, the amount of phospho-
rus in the final copolyesters made by the processes of the
invention can be from 1 to 100 ppm phosphorus based on the
weilght of the final copolyester and the amount of tin in the
final copolyester can be from 25 to 400 ppm tin based on the
weight of the final copolyester In yet another embodiment,
the amount of phosphorus in the final copolyesters made by
the processes of the invention can be from 4 to 60 ppm
phosphorus based on the weight of the final copolyester and
the amount of tin in the final copolyester can be from 40 to 200
ppm tin based on the weight of the final copolyester. In yet
another embodiment, the amount of phosphorus in the final
copolyesters made by the processes of the invention can be
from 6 to 20 ppm phosphorus based on the weight of the final
copolyester and the amount of tin 1n the final copolyester
made by the processes of the invention can be from 50 to 125
ppm tin based on the weight of the final copolyester.

The copolyesters produced by the process of the invention
can have a glass transition temperature of about 85 to about
200° C. Additional examples of glass transition temperatures
include about 100 to about 120° C., about 105 to about 115°
C., and about 110 to about 120° C. The glass transition tem-
perature (Tg) of the copolyesters can be determined using a
TA DSC 2920 scanning calorimeter from Thermal Analyst
Instrument at a scan rate of 20° C./min.

The thermoplastic copolyesters prepared by the process of
the invention typically have an inherent viscosity, abbreviated
herein as “IV”, of at least 0.1 dL/g. Other examples of IV
ranges include about 0.4 to 1.2 dLL/g and about 0.4 to about 1
dL/g. For embodiments of the invention, the copolyesters
produced by the process of the mnvention may exhibit at least
one of the following inherent viscosities as determined 1n
60/40 (wt/wt) phenol/tetrachloroethane at a concentration of
0.25¢g/50mlat25°C.:0.10to 1.2dL/g; 0.10t0 1.1 dL/g; 0.10
to 1 dL/g; 0.10 to less than 1 dL/g; 0.10 to 0.98 dL/g; 0.10 to
0.95 dL/g; 0.10to 0.90 dLL/g; 0.10 to 0.85 dL/g; 0.10 to 0.80
dL/g; 0.10 to 0.75 dL/g; 0.10 to less than 0.75 dL/g; 0.10 to
0.72dL/g; 0.10t0 0.70dL/g; 0.10 to less than 0.70 dL/g; 0.10
to 0.68 dL/g; 0.10 to less than 0.68 dL/g; 0.10 to 0.65 dL/g;
0.101t0 0.6 dL/g; 0.10 t0 0.55 dL/g; 0.10 to 0.5 dL/g; 0.10 to
0.4dL/g;0.10t00.35dL/g;0.20t01.2dL/g; 0.20to 1.1 dL/g;
0.20to1dL/g;0.20tolessthan 1dL/g;0.201t00.98 dL/g; 0.20
t0 0.95dL/g;0.2010 0.90dL/g; 0.20t0 0.85dL/g; 0.2010 0.80
dL/g; 0.20 to 0.75 dL/g; 0.20 to less than 0.75 dL/g; 0.20 to
0.72dL/g; 0.201t0 0.70dL/g; 0.20 to less than 0.70 dL/g; 0.20
to 0.68 dL/g; 0.20 to less than 0.68 dL/g; 0.20 to 0.65 dL/g;
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0.20to 0.6 dL/g; 0.20 to 0.55 dL/g; 0.20 t0 0.5 dL/g; 0.20 to
0.4dL/g;0.20t00.35dL/g;0.35t01.2dL/g;0.35t0 1.1 dL/g;
0.35to1dL/g;0.35tolessthan 1 dL/g;0.351t00.98 dLL/g; 0.35
t0 0.95dL/g;0.35t00.90dL/g; 0.35t00.85dL/g; 0.35to0 0.80
dL/g; 0.35 t0 0.75 dL/g; 0.35 to less than 0.75 dL/g; 0.35 to
0.72dL/g;0.35t00.70dL/g; 0.35 to less than 0.70 dL/g; 0.35
to 0.68 dL/g; 0.35 to less than 0.68 dL/g; 0.35 to 0.65 dL/g;
0.40t01.2dL/g;0.40to 1.1 dL/g; 0.40to 1dL/g; 0.40 to less
than 1 dL/g; 0.40 t0 0.98 dL/g; 0.401t0 0.95 dL/g; 0.40to 0.90
dL/g; 0.4010 0.85 dLL/g; 0.40 to 0.80 dL/g; 0.40 t0 0.75 dL/g;
0.40 to less than 0.75 dL/g; 0.40 to 0.72 dL/g; 0.40 to 0.70
dL/g; 0.40 to less than 0.70 dL/g; 0.40 to 0.68 dL/g; 0.40 to
less than 0.68 dL/g; 0.40t0 0.65 dL/g; greater than 0.42 to 1.2
dL/g; greater than 0.42 to 1.1 dL/g; greater than 0.42 to 1
dL/g; greater than 0.42 to less than 1 dL/g; greater than 0.42
to 0.98 dL/g; greater than 0.42 to 0.95 dL/g; greater than 0.42
to 0.90 dL/g; greater than 0.42 to 0.85 dL/g; greater than 0.42
to 0.80 dL/g; greater than 0.42 to 0.75 dL/g; greater than 0.42
to less than 0.75 dL/g; greater than 0.42 to 0.72 dL/g; greater
than 0.42 to 0.70 dL/g; greater than 0.42 to less than 0.70
dL/g; greater than 0.42 to 0.68 dL/g; greater than 0.42 to less
than 0.68 dL/g; and greater than 0.42 to 0.65 dL/g.

For embodiments of the invention, the copolyesters useful
in the mvention may exhibit at least one of the following
inherent viscosities as determined 1n 60/40 (wt/wt) phenol/
tetrachloroethane at a concentration o1 0.25 g/50 ml at 25° C.:
045t01.2dL/g;0.45t01.1dL/g;0.45t01dL/g; 0.45100.98
dL/g; 0.45t00.95dL/g; 0.45t0 0.90dL/g; 0.45 to 0.85 dL/g;
0.45 to 0.80 dL/g; 0.45 to 0.75 dL/g; 0.45 to less than 0.75
dL/g; 0.45 t0 0.72 dL/g; 0.45 t0 0.70 dL/g; 0.45 to less than
0.70dL/g; 0.45t0 0.68 dLL/g; 0.45 to less than 0.68 dL/g; 0.45
t0 0.65dL/g;0.50t01.2dL/g;0.50t01.1dL/g;0.50t0 1 dL/g;
0.50 to less than 1 dL/g; 0.50 to 0.98 dL/g; 0.50 to 0.95 dL/g;
0.50 to 0.90 dL/g; 0.50 to 0.85 dL/g; 0.50 to 0.80 dL/g; 0.50
to 0.75 dL/g; 0.50 to less than 0.75 dL/g; 0.50 to 0.72 dL/g;
0.50 to 0.70 dL/g; 0.50 to less than 0.70 dL/g; 0.50 to 0.68
dL/g; 0.50 to less than 0.68 dL/g; 0.50 to 0.65 dL/g; 0.55 to
1.2dL/g; 0.55t0 1.1 dL/g; 0.55 to 1 dL/g; 0.55 to less than 1
dL/g; 0.55100.98 dLL/g; 0.55t0 0.95 dL/g; 0.55 t0 0.90 dL/g;
0.55 to 0.85 dL/g; 0.55 to 0.80 dLL/g; 0.55 to 0.75 dL/g; 0.55
to less than 0.75 dL/g; 0.55 to 0.72 dL/g; 0.55 to 0.70 dL/g;
0.55toless than 0.70dL/g; 0.55 t0 0.68 dL/g; 0.55 to less than
0.68 dL/g; 0.55 to 0.67 dL/g; 0.55 to 0.65 dL/g; 0.58 to 1.2
dL/g;0.58t01.1dL/g;0.58t01dL/g; 0.58 toless than 1 dL/g;
0.58 t0 0.98 dL/g; 0.58 to 0.95 dL/g; 0.58 to 0.90 dL/g; 0.58
to 0.85dL/g; 0.58 10 0.80 dL/g; 0.58 t0 0.75 dL/g; 0.58 to less
than 0.75 dL/g; 0.58 t0 0.72 dL/g; 0.538 t0 0.70 dL/g; 0.58 to
less than 0.70 dL/g; 0.38 to 0.68 dL/g; 0.58 to less than 0.68
dL/g; 0.58 t0 0.65 dL/g; 0.60 to 1.2 dL/g; 0.60 to 1.1 dL/g;
0.60to1dL/g;0.60tolessthan 1 dL/g;0.601t00.98 dL/g; 0.60
t0 0.95dL/g; 0.6010 0.90dL/g; 0.60t0 0.85 dL/g; 0.60 to 0.80
dL/g; 0.60 to 0.75 dL/g; 0.60 to less than 0.75 dL/g; 0.60 to
0.72dL/g; 0.60t0 0.70dL/g; 0.60 to less than 0.70 dL/g; 0.60
to 0.68 dL/g; 0.60 to less than 0.68 dL/g; 0.60 to 0.65 dL/g;
0.60 to 0.64 dL/g; 0.61 to 0.68 dL/g; 0.64 to 0.65 dL/g; 0.65
to 1.2dL/g; 0.65to 1.1 dL/g; 0.65to 1 dL/g; 0.65 to less than
1dL/g;0.651t00.98dL/g;0.65100.95dL/g; 0.65t00.90dL/g;
0.65 to 0.85 dL/g; 0.65 to 0.80 dL/g; 0.65 to 0.75 dL/g; 0.65
to less than 0.75 dL/g; 0.65 t0 0.72 dL/g; 0.65 to 0.70 dL/g;
0.65 to less than 0.70 dL/g.

In one embodiment, the polyesters made by the processes
usetul 1n the invention and/or the article of manufacture of the
invention can exhibit at least one of the following densities: a
density of less than 1.3 g/ml at 23° C.; a density of less than
1.2 g/ml at 23° C.; a density of less than 1.18 g/ml at 23° C.;
a density 010.70to 1.2 g¢/ml at 23° C.; a density 01 0.70to 1.3
g/ml at23° C.; adensity 010.70to less than 1.2 g/ml at 23° C.;
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adensity 010.75to 1.2 at 23° C.; a density of 0.75 g/ml to less
than 1.2 at 23° C.; a density of 0.80 g/ml to 1.2 at 23° C.; a
density 01 0.80 to less than 1.2 g/ml at 23° C.; a density o1 0.90
to 1.2 g¢/ml at 23° C.; adensity of 1.0 to 1.2 g/ml at 23° C.; a
densityof 1.0to 1.3 g/ml at 23° C.; adensityof1.1t0 1.2 g/ml
at 23° C.; a density of 1.1 to less than 1.2 g¢/ml at 23° C.; a
density of 1.13 to 1.3 g/ml at 23° C. a density of 1.13 to 1.2
g/ml at 23° C.; a density 010.80to 1.18 at 23° C.; a density of
0.80 to less than 1.18 g/ml at 23° C.; a density of 1.0 to less
than 1.18 g¢/ml at 23° C.; adensity o1 1.1 to less than 1.18 g/ml
at 23° C.

In one embodiment of the mvention, the thermoplastic
copolyester has an inherent viscosity of about 0.5 to about 0.8
dL/g, a Tg of about 100 to about 120° C., and comprises (a)
diacid residues comprising 100 mole percent of the residues
ol terephthalic acid; and (b) diol residues comprising about
20 to about 40 mole percent of the residues of 2,2,4,4-tetram-
cthyl-1,3-cyclobutanediol, and about 60 to about 80 mole
percent of the residues of 1,4-cyclohexanedimethanol; (¢) 1
to 100 ppm phosphorus, based on the total weight of the final
copolyester, and (d) 15 to 400 ppm tin, based on the weight of
the final copolyester.

In yet another embodiment, the present invention also pro-
vides a process for the preparation of a copolyester, compris-
ing: reacting a diester composition, comprising at least one
dialkyl terephthalic acid ester, with a diol composition, the
diol composition comprising a first diol component compris-
ing 2,2.4.4-tetramethyl-1,3-cyclobutanediol and a second
diol component comprising 1,4-cyclohexanedimethanol, the
reaction comprising
(1) reacting the first diol component with the diester compo-

nent to form a polyester oligomer at a conversion of the

2,2,4,4-tetramethyl-1,3-cyclobutanediol of at least 50

mole percent, based on the total moles of the 2,2,4,4-

tetramethyl-1,3-cyclobutanediol 1n the diol composition;
(1) reacting the second diol component with the polyester
oligomer of step (1) form a modified polyester oligomer;
and
(111) heating the modified polyester oligomer to form a ther-
moplastic, random copolyester having an inherent viscos-

ity of about 0.4 dL/g to about 1 dL/g;
wherein the molar ratio of all diols 1n the diol composition to
all diesters 1n the diester compositionis about 1.1 toabout 1.5.
The above process 1s understood to include the various
embodiments of the diol and diester components, process
conditions, copolyesters, thermal stabilizers, catalysts, glass
transition temperatures, IV’s, etc., as described hereinabove.
The conversion of the TMCD to polyester oligomer 1n step (1)
of the reaction 1s at least 50 mole percent, based on the total
moles of TMCD 1n the diol composition.

The molar ratio of all diols 1n the diol composition to all
diesters 1n the diester composition 1s about 1.1 to about 1.5.
Additional examples of total diol:diester molar ratios are
about 1.1 to about 1.4, about 1.1 to about 1.3, about 1.1 to
about 1.2, 1.15 to about 1.45, about 1.15 to about 1.40, about
1.15toabout1.35,about1.15to about 1.3, about 1.15 to about
1.25, about 1.15 to about 1.2, about 1.2 to about 1.45; about
1.2 to about 1.4, about 1.2 to about 1.35, about 1.2 to about
1.3, and about 1.2 to about 1.25. Some additional, specific
examples of total diol:diester molar ratios which may be used
in the process of the mmventionare 1.1, 1.12, 1.13,1.15, 1.17,
1.20,1.22,1.25,1.27,1.30,1.32,1.35,1.37,1.40,1.43,1.45,
and 1.50. The process can produce a random, thermoplastic
copolyester having an IV of about 0.4 to about 1 dL/g. For
example, 1n one embodiment, the thermoplastic copolyester
may have an IV of at least 0.4. Examples of other IV ranges
tor the copolyesters produced by our process are about 0.50to
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about 0.80 dL/gand about 0.50 to about 0.75 dL./g. Additional
examples of IV values and ranges are described hereinabove.

As described previously, the diester composition com-
prises a dialkyl ester of terephthalic acid. The dialkyl ester of
can comprise the residues of a primary alcohol having from 1
to 8 carbon atoms. Examples of primary alcohols include, but
are not limited to methyl, ethyl, propyl, 1sopropyl, butyl,
isobutyl, pentyl, hexyl, and 2-ethylhexyl alcohol. For
example, the diester composition may comprise about 100
mole percent dimethyl terephthalate, based on the total moles
of diester 1n the diester composition. The diester composition
may additionally comprise one or more dicarboxylic acid
diesters selected from naphthalenedicarboxylic acid, 1,4-cy-
clohexanedicarboxylic acid, 1sophthalic acid, and combina-
tions thereof. In addition to the dicarboxylic acid diesters
listed above, the diester component may further comprise
about one or more moditying dicarboxylic acid diesters.
Examples of moditying dicarboxylic acid diesters include,
but are not limited to, diesters of fumaric, succinic, adipic,
glutaric, azelaic, sebacic, resorcinol diacetic, diglycolic, 4,4'-
oxybis(benzoic), biphenyldicarboxylic, 4,4'-methylenedi-
benzoic, trans-4,4'-stilbenedicarboxylic, and sulifoisoph-
thalic acids. For example, the diester composition may further
comprise at least one dialkyl ester of isophthalic acid 1n
addition to the diester of terephthalic acid.

The diol composition comprises a first diol component
comprising 2,2.4,4-tetramethyl-1,3-cyclobutanediol and a
second diol component comprising 1,4-cyclohexanedimetha-
nol. The CHDM and TMCD may be used as a pure c1s or trans
1somer or as a mixture of cis and trans 1somers. In addition to
CHDM and TMCD, the process of the invention may further
comprise reacting one or more diols selected from neopentyl
glycol, diethylene glycol, ethylene glycol, 1,2-propanediol,
1,3-propanediol, 1,4-butanediol, 1,5-pentanediol, 1,6-hex-
anediol, 1,8-octanediol, 2,2.,4-trimethyl-1,3-pentanediol, 2,2,
4.4-tetramethyl-1,3-cyclobutanediol, 1,3-cyclohex-
anedimethanol, bisphenol A, polyalkylene glycol, and
combinations thereof with the polyester oligomer or modified
polyester oligomer.

The first diol component can comprise about 70 to about
100 mole percent of the 2,2.4,4-tetramethyl-1,3-cyclobutane-
diol, based on the total moles of 2,2.4,4-tetramethyl-1,3-cy-
clobutanediol 1n the diol composition, and O to about 80 mole
percent of the 1,4-cyclohexanedimethanol, based on the total
moles of 1,4-cyclohexanedimethanol the diol composition.
Other examples of mole percentages of TMCD within the first
diol component are 73, 80, 85, 90, and 95 mole percent, based
on the total moles of TMCD 1n the diol composition. Further
examples of mole percentages of CHDM within the first diol
component are 5, 10, 15, 20, 25,30, 35, 40, 45, 50, 55, 60, 63,
70, and 75 mole percent, based on the total moles of CHDM
in the diol composition. In one embodiment, for example, the
first diol component can comprise about 100 mole percent
2,2.,4. 4-tetramethyl-1,3-cyclobutanediol, based on the total
moles of TMCD 1n the diol composition, and about 60 to
about 80 mole percent of 1,4-cyclohexanedimethanol, based
on the total CHDM 1n the diol composition.

The second diol component can comprise about 20 to about
100 mole percent of the 1,4-cyclohexanedimethanol, based
on the total moles of 1,4-cyclohexanedimethanol 1n diol com-
position, and 0 to about 30 mole percent of the 2,2,4,4-tet-
ramethyl-1,3-cyclobutanediol, based on the total moles of
2,24 4-tetramethyl-1,3-cyclobutanediol in the diol composi-
tion. Additional examples of mole percentages of CHDM in

the second diol component, based on the total moles of
CHDM 1n the diol composition, are 25, 30, 35, 40, 45, 30, 35,

60, 65, 70, 75, 80, 85, 90, and 95 mole percent. Additional
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examples of mole percentages of TMCD 1n the second diol
component, based on the total moles of TMCD 1n the diol
composition, are 5, 10, 15, 20, and 25 mole percent. In an
additional example, the second diol component can comprise
about 20 to about 40 mole percent of the 1,4-cyclohex-
anedimethanol, based on the total moles of CHDM 1n the diol

composition.

The reaction of the diester composition with the first and
second diol composition can be carried out incrementally as
described previously. For example, the process may further
comprise adding the first diol component incrementally to the
diester composition 1n step (1), adding the second diol com-
ponent incrementally to the polyester oligomer 1n step (11), or
a combination thereof. For example, 1n one embodiment of
the 1nvention, the addition of the first and second diol com-
ponents 1n step (1) and (1) each are carried out 1n 2 or more
stages. As described above, the diester composition also may
be added to the reaction zone or reacted with one or more of
the diol components incrementally. In another embodiment,
the addition of the first and second diol components 1n step (1)
and (11) each are carried out continuously. The reaction tem-
perature, pressures, and residences times are as described
previously.

Also as described above, the reactions of both steps may be
catalyzed by appropriate catalysts such as, for example, vari-
ous compounds of titantum, tin, antimony, germanium, and
mixtures thereof. In one aspect, any of the processes of the
invention may comprise at least one tin compound and,
optionally, at least one catalyst chosen from titanium, gal-
lium, zinc, antimony, cobalt, manganese, magnesium, germa-
nium, lithtum, aluminum compounds and an aluminum com-
pound with lithium hydroxide or sodium hydroxide.
Typically, the catalyst can be present 1in the range of 1 to 500
ppm. Examples of catalysts useful 1n the present invention
include, but are not limited to, one of more of the following:
butyltin tri1s-2-ethylhexanoate, dibutyltin diacetate, dibutyltin
oxide, and dimethyl tin oxide. a phosphorus compound
inhibitor may optionally be used. For example, the catalyst
may comprise at least one tin compound. In another embodi-
ment, any of the processes of making the copolyesters usetul
in the invention may be prepared using a catalyst comprising
at least one tin compound and at least one titantum com-
pound.

The process of the invention, in certain cases, may include
a thermal stabilizer comprising a phosphorus compound. For
example, the phosphorus compounds useful 1n the invention
can comprise phosphoric acid, phosphorous acid, phosphonic
acid, phosphinic acid, phosphonous acid, and various esters
and salts thereof. The esters can be alkyl, branched alkyl,
substituted alkyl, difunctional alkyl, alkyl ethers, aryl, and
substituted aryl. For example, the thermal stabilizer can com-
prise at least one compound chosen from at least one of
substituted or unsubstituted alkyl phosphate esters, substi-
tuted or unsubstituted aryl phosphate esters, substituted or
unsubstituted mixed alkyl aryl phosphate esters, diphosphi-
tes, salts of phosphoric acid, phosphine oxides, and mixed
alkyl arvl phosphites, reaction products thereof, and mixtures
thereol. The phosphate esters include esters 1n which the
phosphoric acid 1s fully esterified or only partially esterified.
In one embodiment, the thermal stabilizer may comprise tri-
aryl phosphates. In another embodiment, the thermal stabi-
lizer may comprise triaryl phosphates and/or mixed alkyl aryl
phosphates. In yet another aspect, the thermal stabilizer may
comprise use of triphenyl phosphate and/or Merpol A. In yet
another aspect, the thermal stabilizer of the invention may
comprise triphenyl phosphate.
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The copolyesters produced by our process typically can
comprise about 60 to 100 mole percent, based on the total
moles of diacid residues, of the residues of terephthalic acid,
isophthalic acid, or combinations thereof; and about 10 to
about 90 mole percent, based on the total moles of diol resi-
dues, of the residues 1.,4-cyclohexanedimethanol and about

10 to about 90 mole percent of the residues of 2,2,4,4-tetram-
cthyl-1,3-cyclobutanediol. In addition to CHDM and TMCD,
the copolyester may comprise from about 0 to about 80 mole
percent of the residues of one or more diols selected from
neopentyl glycol, diethylene glycol, ethylene glycol, 1,2-
propanediol, 1,3-propanediol, 1.4-butanediol, 1,5-pen-
tanediol, 1,6-hexanediol, 1,8-octanediol, 2,2,4-trimethyl-1,
3-pentanediol, 2,2.4,4-tetramethyl-1,3-cyclobutanediol, 1,3-
cyclohexanedimethanol, bisphenol A, polyalkylene glycol,
and combinations thereof.

For example, the thermoplastic copolyester can comprise
about 80 to 100 mole, based on the total diacid residues, ofthe
residues of terephthalic acid and about 85 to greater than 50
mole percent, based on the total diol residues, of the residues
of 1,4-cyclohexanedimethanol and about 15 to less than 50
mole percent of the residues of 2,2,4,4-tetramethyl-1,3-cy-
clobutanediol. In another example, the copolyester may com-
prise (a) diacid residues comprising about 70 to about 100
mole percent of the residues of terephthalic acid, O to 30 mole
percent of the residues of at least one aromatic dicarboxylic
acid having up to 20 carbon atoms, and 0 to about 10 mole
percent of the residues of at least one aliphatic dicarboxylic
acid having up to 16 carbon atoms; and (b) diol residues
comprising about 20 to about 40 mole percent of the residues
of 2,2.4,4-tetramethyl-1,3-cyclobutanediol, and about 60 to
about 80 mole percent of the residues of 1,4-cyclohex-
anedimethanol. In another example, the copolyester may
comprise about 95 mole percent of the residues of tereph-
thalic acid and about 5 mole percent of the residues of 1soph-
thalic acid. In yet another example, the copolyester may com-
prise about 100 mole percent of the residues of terephthalic
acid. Some additional examples of copolyester compositions
which may be produced for the process of the mnvention are
those comprising diacid residues comprising about 70 to
about 100 mole percent of the residues of terephthalic acid, 0
to about 30 mole percent of the residues of at least one
aromatic dicarboxylic acid having up to 20 carbon atoms, and
0 to about 10 mole percent of the residues of at least one
aliphatic dicarboxylic acid having up to 16 carbon atoms; and
diol residues comprising (a) about 20 to about 35 mole per-
cent of the residues of 2,2,4,4-tetramethyl-1,3-cyclobutane-
diol, and about 65 to about 80 mole percent of the residues of
1,4-cyclohexanedimethanol; (b) about 30 to about 40 mole
percent of the residues of 2,2.4.4-tetramethyl-1,3-cyclobu-
tanediol, and about 60 to about 70 mole percent of the resi-
dues of 1,4-cyclohexanedimethanol; (¢) about 20 to about 25
mole percent of the residues of 2,2.4.4-tetramethyl-1,3-cy-
clobutanediol, and about 75 to about 80 mole percent of the
residues of 1,4-cyclohexanedimethanol: (d) about 30 to about
35 mole percent of the residues of 2,2.4,4-tetramethyl-1,3-
cyclobutanediol, and 65 to 70 mole percent of the residues of
1,4-cyclohexanedimethanol.

In one embodiment of the mmvention, the thermoplastic
copolyester has an inherent viscosity of about 0.5 to about 0.8
dL/g, a Tg of about 100 to about 120° C., and comprises (a)
diacid residues comprising 100 mole percent of the residues
of terephthalic acid; and (b) diol residues comprising about
20 to about 40 mole percent of the residues of 2,2,4,4-tetram-
ethyl-1,3-cyclobutanediol, and about 60 to about 80 mole
percent of the residues of 1,4-cyclohexanedimethanol; (¢) 1
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to 100 ppm phosphorus, based on the total weight of the final

copolyester, and (d) 15 to 400 ppm tin, based on the weight of

the final copolyester.
In yet another embodiment, the instant invention provides

a process for the preparation of a copolyester, comprising: A
process for the preparation of a copolyester, comprising:
reacting a diester composition comprising dimethyl tereph-
thalate with a diol composition comprising a first diol com-
ponent comprising 2,2.4.4-tetramethyl-1,3-cyclobutanediol
and a second diol component comprising 1,4-cyclohex-
anedimethanol, the reaction comprising

(1) reacting the first diol component comprising about 100
mole percent of the 2,2,4,4-tetramethyl-1,3-cyclobutane-
diol, based on the total moles of 2,2.4,4-tetramethyl-1,3-
cyclobutanediol in the diol composition, and 30 to about 80
mole percent of the 1,4-cyclohexanedimethanol, based on
the total moles of 1,4-cyclohexanedimethanol in the diol
composition, with the diester component to form a poly-
ester oligomer at a conversion of the 2,2,4,4-tetramethyl-
1,3-cyclobutanediol of at least 50 mole percent, based on
the total moles of the 2,2.4,4-tetramethyl-1,3-cyclobutane-
diol 1n the diol composition;

(1) reacting the second diol component comprising about 20
to about 70 mole percent the 1,4-cyclohexanedimethanol
based on the total moles of 1,4-cyclohexanedimethanol 1n
the diol composition, with the polyester oligomer of step (1)
form a modified polyester oligomer; and

(111) heating the modified polyester oligomer to form a ther-
moplastic, random copolyester having an inherent viscos-
ity of about 0.4 dL/g to about 1.0;

wherein the molar ratio of all diols 1n the diol composition to

all diesters 1n the diester compositionis about 1.1 toabout 1.5.

The various embodiments of the diol and diester components,

process conditions, catalysts, thermal stabilizers, IV’s, glass

transition temperatures, mole ratios, copolyesters, and the
like, are as described hereinabove.

EXAMPLES

The invention 1s further illustrated by the following
examples. Inherent viscosities (IV) were measured in 60/40
(wt/wt) phenol/tetrachloroethane at a concentration of 0.25
g/50 ml at 25° C. according to standard methods that are
described 1n ASTM Method D4603. The catalyst and phos-
phorus concentrations in the final copolyesters of the present
invention were determined by x-ray fluorescence using stan-
dard methods known 1n the art and are reported on an elemen-
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Time
Stage (min)

1 10

2

3 27

4

5 27

6

7 27

8

9 27
10
11 27
12 1
13 55
14 5
15 40
16 5

0.1

0.1

0.1

0.1

0.1
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tal basis in part-per-million (ppm), based on the total weight
of the final polymer. Polymer compositions were determined
by "H NMR (JEOL Eclipse Plus 600 MHz spectrometer) in
chloroform-trifluoroacetic acid (70/30 vol/vol) solvent using
peak 1ntegration techniques well known to persons skilled in
the art. The TMCD conversion to oligomers also was deter-

mined by "H NMR using a 60/40 (wt/wt) phenol/tetrachloro-
cthane solvent 1n addition to chloroform-d for lock. Peak
assignments for TMCD glycol resonances (for the protons
adjacent to the ester carbonyl groups) were made by compari-
son of model mono and dibenzoate esters of TMCD. These
model compounds approximate closely the actual resonance
positions of the polymer and oligomer samples. The conver-
sion was determined by peak integration of the unreacted
DMT 1n the sample or, alternatively, by peak integration of
reacted TMCD diol. In all examples, unless otherwise 1ndi-
cated, the reactions were carried through to stage 19 1n accor-
dance to the profile shown in Table 1 until the allotted time
was reached or until the polymer melt reached a high viscos-
ity preventing further agitation. The diol to diester mole ratios
shown 1n the following Tables are based on the total moles of
diol and diester used 1n the reaction.

Examples 1-10 and Comparative Examples 1-9

A copolyester of dimethyl terephthalate was produced by
charging 97.90 grams of dimethyl terephthalate (DMT),
28.90 grams of the 1,1,2,2-tetramethyl-1,3-cyclobutanediol
(TMCD), 18.25 grams of 1,4-cyclohexanedimethanol
(CHDM), approximately 200 parts per million (ppm) tin
(added to the reaction mixture as butyltin tris(2-ethyl-
hexoate)) and approximately 30 ppm of phosphorus stabilizer
(added to the reaction mixture as triphenyl phosphate), based
on the final polymer weight, to a 0.5 liter reaction vessel at
room temperature. The reactor vessel was equipped with a
mechanical agitator, a side arm for condensate removal, a
nitrogen inlet port, and a heat source (generally an o1l or metal
bath). The reaction vessel was then immersed 1n the heat
source and brought rapidly up to the starting temperature
indicated 1n Table 1. Ester exchange was carried out through
Stage 5 1n Table 1 below. A second charge o1 40.10 grams of
CHDM was added 1n Stage 6. Total diol-to-diester feed mole
ratio 1n this case was 1.20:1. The remaining ester exchange
and polymerization were carried out 1n Stage 6 through 19 1n
the reaction profile shown in Table 1. For Example 1, the
resulting polymer had an IV of 0.656 dl/g, a measured Sn
level of 230 ppm and a measured phosphorus level o1 30 ppm
and exhibited good clarity (transparency).

TABLE 1
Stir Speed  Stir Speed

Start Temp. End Temp  Start Press. End Press. Start End

(° C.) (° C.) (kPa) (KPa) (RPM) (RPM)
25 180 97 97 0 150
180 190 97 97 150 150
190 190 97 97 150 150
190 200 97 97 150 150
200 200 97 97 150 150
200 213 97 97 150 150
213 213 97 97 150 150
213 226 97 97 150 150
226 226 97 97 150 150
226 238 97 97 150 150
238 238 97 97 150 150
238 245 97 375 150 150
245 245 50 50 150 150
245 253 50 27 150 100
253 253 27 27 100 100
253 265 27 0.8 100 50
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TABLE 1-continued
Stir Speed
Time  Start Temp. End Temp  Start Press. End Press. Start
Stage (min) (°C.) (° C.) (kPa) (KPa) (RPM)

17 115 265 265 0.8 0.8 50
18 5 265 275 0.8 0.1 50
19 100 275 275 0.1 0.1 25

10

Examples 2-10 and Comparative Examples 1-9 were car-
ried out in a similar manner using the profile in Table 1 for
Example 1 but the amount of CHDM added to Stage 6 and the
total amount of TMCD added initially was varied. The total
addition of CHDM remained constant at approximately 57.7
grams. The addition of TMCD was varied such that the total
diol-to-ester mole ratio varied from approximately 1.00 to
1.40. A summary of results 1s shown 1n Table 2. Comparative
examples 1-9 failed to build suflicient IV and resulted in a
opaque, partially solidified melt by Stage 9. These experi-
ments were terminated early and the resulting products were
not suitable for IV, Sn, or P analysis. Comparative example 5

15

20
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Stir Speed
End
(RPM)

>0
25
25

also formed a partially solidified melt prior to the end of Stage
9 but produced a final polymer having suflicient I'V. The final
polymer was opaque because of early oligomer crystalliza-
tion. Examples 3, 7, 9, and 10 exhibited a cloudy melt prior to
Stage 13 because of the onset of crystallization and produced
a hazy polymer having an acceptable IV (haziness can be
undesirable for applications requiring transparent polymers).
Examples 2, 4, 5, 6, and 8, like Example 1, resulted 1n poly-
mer with an IV greater than 0.50 dl/g which exhibited good
clarity. Example 13 was a repeat of Example 11 but used a
different dimethyltin oxide as the catalyst instead of butyltin
tris(2-ethylhexoate).

TABLE 2
CHDM
DMT Added CHDM Added Diol to
Added TMCD Added Upfiront in Stage 6 IV Sn level P level diester
Example  (g) (&) (&) (&) (dL/g)  (ppm)  (ppm) mole ratio
Cl 97.20 14.44 57.62 0.00 n/a n/a n/a 1.00
C2 97.20 14.50 18.55 40.50 n/a n/a n/a 1.02
C3 97.20 14.70 23.07 34.65 n/a n/a n/a 1.00
C4 97.30 14.82 08 .88 28.90 n/a n/a n/a 1.00
CS 97.10 28.85 57.50 0.00 0.547 21% 33 1.20
, 97.12 08.85 23.20 34.60 0.575 205 26 1.20
3 97.90 28.90 28.85 29.10 0.672 195 25 1.19
4 97.30 43.28 57.80 0.00 0.667 193 05 1.40
5 97.10 44.20 17.31 40.40 0.571 212 45 1.41
6 97.20 43.30 22.90 34.60 0.621 215 39 1.40
7 97.10 43.50 28.80 28.90 0.416 201 2% 1.40
8 97.10 43.30 23.02 34.60 0.683 2064 32 1.40
C6 97.20 21.80 18.15 40.50 n/a n/a n/a 1.11
9 97.11 21.73 23.16 34.80 0.660 222 30 1.10
C7 97.16 21.77 08.74 08.80 n/a n/a n/a .10
CR 97.20 25.61 17.62 41.00 n/a n/a n/a .17
10 97.11 05.74 22.91 34.80 0.714 222 27 .16
C9 98.70 25.25 28.69 28.80 n/a n/a n/a .13
45
Examples 11-20 and Comparative Examples 10-14
A copolyester of dimethyl terephthalate was produced 1n a
similar manner as described above except that the residence
5o fime1n Stages 3 and 5 of the reaction sequence in Table 1 was
increased from 27 minutes to 55 minutes. Total diol-to-diester
teed mole ratio was varied from 1.00 to 1.40. A summary of
results 1s shown 1in Table 3. Comparative examples 10 through
14 resulted 1n a opaque, partially solidified melt by Stage 9
and were terminated early. The resulting material was not
2> suitable for IV, Sn, or P analysis. Examples 11 through 20
resulted 1n a polymer with an IV greater than 0.50 dl/g that
exhibited good clarity.
TABLE 3
CHDM Added Diol to
DMT TMCD  CHDM Added in Stage 6 IV Sn level P level diester
Example Added (g) Added(g) Upiront(g) (g) (dL/g) (ppm) (ppm) mole ratio
Cl0 97.10 14.55 17.23 40.60 n/a n/a n/a 1.00
Cl1 97.10 14.17 23.48 34.30 n/a n/a n/a 1.00
Cl2 97.10 14.95 29.00 28.02 n/a n/a n/a 1.00




US 8,586,701 B2

47 48
TABLE 3-continued

CHDM Added Diol to
DMT TMCD  CHDM Added in Stage 6 IV Sn level P level diester
Example Added (g) Added(g) Upifront(g) (g) (dL/g) (ppm) (ppm) mole ratio

11 97.10 28.87 17.24 40.30 0.540 1 28 1.20
12 97.12 28.85 23.19 34.50 0.732 18 27 1.20
13 97.20 28.88 28.82 2%8.80 0.635 12 31 1.20
14 97.20 43.39 17.41 40.20 0.566 209 30 1.40
15 97.08 43.27 23.33 34.50 0.518 195 29 1.40
16 97.20 43.50 28.52 28.62 0.575 202 27 1.39
C13 97.11 21.65 17.15 40.49 n/a n/a n/a 1.10
17 97.10 21.64 23.85 34.20 0.651 210 32 1.11
18 97.10 21.65 27.67 2%8.80 0.652 202 30 1.08
19 97.30 25.82 17.31 41.00 0.622 212 34 1.16
C14 97.10 25.29 23.17 34.30 n/a n/a n/a 1.15
20 97.10 25.26 28.76 28.96 0.691 217 32 1.15

exhibited a cloudy melt prior to the end of Stage 9 due to the
onset of crystallization and exhibited some haziness 1n the

final polymer. Examples 23-29 resulted 1n a polymer with an
IV greater than 0.50 dl/g and exhibited good clarity (trans-
parency).

Examples 30, 32, 33, 34, and 35 were repeat trials of
Example 23. Examples 30 and 32 resulted in a polymer with
IV greater than 0.50 dl/g but exhibited a cloudy melt 1n Stage
9. Examples 33-35 also exhibited a cloudy melt 1n stage and
were terminated early i Stage 17 due to loss of vacuum
18, 19, and 20 were conducted with all monomers added control, and therefore, no analytical data was obtained.
upiront (no staged glycol addition) and partially solidified by 30 Example 31 was a repeat of Example 24. Example 31 resulted
the end of Stage 3. For these examples, the resulting material in a polymer with IV greater than 0.50 dl/g but exhibited a
was not suitable for IV, Sn, or P analysis. Examples 21 and 22 cloudy melt 1n Stage 9.

Examples 21-38 and Comparative Examples 15-20

A copolyester of dimethyl terephthalate was producedna ,,

similar manner as Examples 11-20 and Comparative
Examples 10-14 except that the reaction temperature 1n Stage
3 and 5 was increased to 210 degrees Celsius. Total diol-to-
diester feed mole ratio was varied from 1.00 to 1.20. A sum-
mary of results 1s shown 1n Table 4. Comparative examples =

15-20 resulted 1n a opaque, partially solidified melt by the end

of Stage 9 and were terminated early. Comparative examples

TABLE 4
CHDM Added Diol to
DMT TMCD  CHDM Added in Stage 6 IV Sn level P level diester
Example Added (g) Added(g) Upiront(g) (g) (dL/g) (ppm) (ppm) mole ratio
C15 97.12 16.41 17.50 40.50 n/a n/a n/a 1.03
Cl6 97.18 14.88 22.774 34.48 n/a n/a n/a 1.00
C17 97.60 14.60 28.76 28.74 n/a n/a n/a 0.99
C18 97.20 21.65 57.41 0.00 n/a n/a n/a 1.10
21 97.10 21.65 17.50 40.30 0.642 215 25 1.10
22 97.12 21.71 22.56 34.45 0.617 198 29 1.09
23 97.16 21.75 28.72 28.76 0.756 208 28 .10
C19 97.50 25.60 57.57 0.00 n/a n/a n/a .15
24 97.16 25.24 17.22 40.40 0.659 206 31 .15
25 97.13 25.26 23.39 34.59 0.714 217 31 .15
26 97.17 25.28 28.68 28.67 0.721 222 28 .14
C20 97.66 28.85 57.42 0.00 n/a n/a n/a .19
27 97.10 28.90 17.31 40.23 0.635 213 37 1.20
28 98.00 29.80 23.22 34.55 0.509 196 31 1.20
29 97.10 28.89 28.67 28.84 0.583 215 28 1.20
30 97.50 21.64 28.78 28.42 0.791 204 26 1.09
31 97.10 25.24 17.11 40.24 0.683 200 30 1.15
32 97.10 21.62 28.62 28.76 0.744 212 28 1.10
33 97.18 21.74 28.85 28.80 n/a n/a n/a 10
34 97.29 21.95 28.58 28.83 n/a n/a n/a 10
35 97.16 21.76 28.74 29.32 n/a n/a n/a 11
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Examples 36,37, and 38 were repeat trials of Examples 29,
23, and 26, respectively, carried out through Stage 11 in order
to obtain oligomer samples for conversion analysis. Samples
were obtained at the end of Stage 5 and the end of Stage 11
and analyzed using '"H NMR. The results are summarized in
Table 5 below. Total diol-to-diester ratio was less 1.0:1 prior
to the final addition of CHDM 1n Stage 6 and greater than
1.0:1 atfter the addition of CHDM 1n Stage 6. The conversion
of DMT (ester exchange with TMCD and CHDM), as mea-
sured by 'H NMR, was in the range of approximately 52% to
60% at the end ot Stage 5 prior to the final addition of CHDM
and 1n the range of approximately 89% to 91% at the end of
Stage 11 after the final addition of CHDM. Similarly, the
conversion of TMCD after stage S5 for Examples 36, 37, and
38 relative to the total amount of TMCD used in the process
1s 63%, 63%, and 71%, respectively. After stage 11, the
TMCD conversions are 71%, 71%, and 73%, respectively.

50

We claim:
1. A process for the preparation of a copolyester, compris-
ng:
reacting a diester composition comprising dimethyl
d terephthalate with a first diol component comprising
2,2.,4.,4-tetramethyl-1,3-cyclobutanediol and a second
diol component comprising 1,4-cyclohexanedimetha-
nol, said reaction comprising
(1) reacting said first diol component comprising about 100
mole percent of said 2,2,4.4-tetramethyl-1,3-cyclobu-
tanediol, based onthe total moles 01 2,2,4,4-tetramethyl-

1,3-cyclobutanediol 1n said first and second diol compo-
nents, and about 30 to about 80 mole percent of said
1,4-cyclohexanedimethanol, based on the total moles of
1,4-cyclohexanedimethanol 1n said first and second diol

10

TABLE 5
Diolto Diol to
diester  diester
CHDM CHDM DMT (TMCD) DMT (TMCD) mole mole
DMT TMCD Added Addedin COIVersion conversion ratio ratio
Added Added Upfront Stage6 after Stage 5 after Stage 11  before after
Example (g) (g) (2) (2) (mol %) (mol %) Stage 6 Stage 6
36 97.10  28.85 28.86 28.76 57 (63) 91 (71) 0.80 1.20
37 9840  21.65 29.14 28.80 52 (63) 89 (71) 0.69 1.09
38 97.15 25.29 28.80 28.85 60 (71) 91 (73) 0.75 1.15
Examples 39-43 and Comparative Examples 2'-23 components, with said diester composition to form a
30

These were carried out using the same profile in Example
Set 1, Table 1. These Examples represent the 1nitial lab trials
of the current invention where experimental protocols were
being developed and are described below to provide the com-

polyester oligomer at a conversion of said 2,2.4,4-tet-
ramethyl-1,3-cyclobutanediol of at least 50 mole per-
cent, based on the total moles of said 2,2.4,4-tetram-
cthyl-1,3-cyclobutanediol in said first and second diol

components;

plete set of experimental data. The results from these trials are 35 - _ _ _ o ‘
summarized in Table 6 below. Phosphorus stabilizer (30 ppm (11) reacting said second diol component comprising about
P added as triphenyl phosphate) was used in Comparative 20 to about 70 mole percent of said 1,4-cyclohex-
Examples 21 and 22, and Example 43. No phosphorus was anedimethanol based on the total moles o1 1,4-cyclohex-
El:ddEd 1n (;OH_l_Pal’atﬂie Ez?ilt‘im%gle 2(31:2%11(1 11(11 Exampies gg"ud anedimethanol 1n said first and second diol components,
omparative Examples 21, 22, and 23, and Examples 39 an th said nolvester oli £ oten (i) to fi di-
40 did not build sufficient IV. Comparative Example 21 and *" oo oa e POEER 1gfjmer of step (1) to form a mod,
b o fied polyester oligomer; and
xamples 39 and 40 exhibited vacuum control problems. . . . .
Examples 39 and 40 were terminated early as a result. In (111) heating said modified polyester oligomer to lorm a
Comparative Examples 21-23 and Examples 39-42, there was thermoplastic, random copolyester having an inherent
an error 1n the tin catalyst addition; the target addition used viscosity of about 0.4 dL/g to about 1.0 dL/g;
was 0.015 grams versus the desired 0.15 grams. This was 45  wherein the molar ratio of all diols in said first and second

confirmed by Example 41 where the measured tin level was
25 ppm versus a target of 200 ppm. Example 41 exhibited an
IV greater than 0.50 dl/g, but without the use of a phosphorus
stabilizer. Example 42 used the desired addition of tin catalyst
(0.15 grams) but exhibited a cloudy melt 1n Stage 13 which
cleared by Stage 17. Example 42 also exhibited vacuum con-
trol problems through out Stage 17 and did not exhibit an IV
greater than 0.50 dl/g. Example 43 also exhibited a cloudy
melt at Stage 13 which cleared by Stage 17.

diol components to all diesters 1n said diester composi-
tion 1s about 1.1 to about 1.3.
2. The process according to claim 1 wherein said diol:
diester molar ratio 1s about 1.1 to about 1.40.
3. The process according to claim 2 wherein said diol:
diester molar ratio 1s about 1.1 to about 1.20.
4. The process according to claim 1 wherein said thermo-
plastic copolyester comprises about 100 mole percent, based

50

TABLE 6
CHDM Added Diol to
DMT TMCD  CHDM Added in Stage 6 IV Sn level P level diester
Example Added (g) Added(g)  Upifront(g) (g) (dL/g) (ppm) (ppm) mole ratio

C21 97.09 28.87 28.80 28.90 n/a n/a n/a 1.03
C22 97.10 28.81 17.25 40.30 n/a n/a n/a 1.00
C23 97.09 28.84 28.81 28.90 n/a n/a n/a 0.99
39 97.30 28.90 18.58 40.40 n/a n/a n/a 1.10
40 97.10 28.90 28.72 28.90 n/a n/a n/a 1.10
41 97.10 28.90 17.30 40.38 0.651 25 0 1.09
42 97.10 14.47 17.20 40.40 n/a n/a n/a 1.10
43 97.50 28.90 24.80 34.80 0.486 229 30 1.15
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on the total diacid residues, of the residues of terephthalic
acid and about 85 to greater than about 50 mole percent, based
on the total diol residues, of the residues of 1,4-cyclohex-
anedimethanol and about 15 to less than about 50 mole per-
cent of the residues of 2,2.4,4-tetramethyl-1,3-cyclobutane-
diol.

5. The process according to claim 4 wherein said thermo-
plastic copolyester comprises diol residues comprising about
20 to about 40 mole percent of the residues of 2,2,4,4-tetram-
cthyl-1,3-cyclobutanediol, and about 60 to about 80 mole
percent of the residues of 1,4-cyclohexanedimethanol.

6. The process according to claim 1 wherein said inherent
viscosity of said thermoplastic copolyester 1s about 0.5 to
about 0.80 dL/g.

7. The process according to claim 1 wherein said inherent
viscosity of said thermoplastic copolyester 1s about 0.55 to
about 0.75 dL/g.

8. The process according to claim 1 wherein said thermo-

plastic copolyester has a glass transition temperature of about
85 to about 200° C.

9. The process according to claim 8 wherein said thermo-
plastic copolyester has a glass transition temperature of about
100 to about 120° C.

10. The process according to claim 9 wherein said thermo-

plastic copolyester has a glass transition temperature of about
110 to about 120° C.
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11. The process according to claim 1 further comprising
adding said first diol component incrementally to said diester
composition 1n step (1), adding said second diol component
incrementally to said polyester oligomer 1n step (11), or a
combination thereof.

12. The process according to claim 11 wherein said addi-
tion of said first and second diol components 1n step (1) and (11)
cach are carried out continuously.

13. The process according to claim 1 which is carried out in
at least 2 reactors.

14. The process according to claim 1 which 1s carried out in
the presence of a thermal stabilizer comprising triphenyl
phosphate and a catalyst comprising at least one tin com-
pound.

15. The process according to claim 1 wherein said thermo-
plastic copolyester has an inherent viscosity of about 0.5 to
about 0.8 dL/g, a Tg of about 100 to about 120° C., and
comprises (a) diacid residues comprising 100 mole percent of
the residues of terephthalic acid; and (b) diol residues com-
prising about 20 to about 30 mole percent of the residues of
2,2.,4. 4-tetramethyl-1,3-cyclobutanediol, and about 70 to
about 80 mole percent of the residues of 1,4-cyclohex-
anedimethanol; (c) about 1 to about 100 ppm phosphorus,
based on the total weight of said thermoplastic copolyester,
and (d) about 15 to about 400 ppm tin, based on the weight of
said thermoplastic copolyester.
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